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ABSTRACT 

Acid-pbase fbmmtation of municipal p imuy sludge as weli as industriai 

w a s t m e r  h m  a potato proceshg plant (which U rich m starch) was imrestigated under 

different operational rad cmriromnmtal parametem. The opedonal parameter 

investigated was bydnulic ntmtion time @RT) and the eavin,ninental one was 

temperature* MOTCOV~~~ the e t k t  of addition of the industrial wastcwater to the prbmy 

sludge on acidogenesis was ais0 d e d .  

The study was d e d  out using two 2-litcf complctely maed mactors, each with a 

clarifier and a recycle faality. Clne of the rcactors was &ci with a 1:l ratio @y volume) 
* 

mixture of municipal primuy siud~e and indusaial wastewater, whüe the 0th- was féd 

with primary sludge alone. HRT was seiected at 18 and 30 ho- while three different 

temperatures of22OC, 30% and 3S°C were used. The addition of the industriai wastewater 

and the operational and eIWiionmentai puameters investjgated had profound 

consequences on the acid-phase digestion process. 

A fàvorable environment for the activities of the endogenic baaeria was 

established Acidogenesis was faible uader d conditions, as hdicated by low p@ high 

volatiie fitty acid (VFA) production, and negligiiiile gas generation. 

Net VFA and COD production as weii as the specific production rates (expressed 

as mg VFA(or COD)/mgVSS*day) increased with the introduction of the starch-rich 

wastewater into one of the rcacton. 



HRT dso &ad a profouad on the net VFA production. krease in HRT nom 

18 hours to 30 houn at 22°C mcrrwd the VFA production by 3PA in the mixture of 

industrial wa~fewater riid primuy dudge and 14 % tor the primuy siudge aione. 

- Variation in tempaihue, at a constant HRT of 30 hours, hd mixexi e&cw oa 

acidogenesis- For the mixturt of  iadustrtl wastewater anci pfimary dudge, the net VFA 

produ&~u wmt up by 15% when tempainue wu hcreasd fiom 22°C to 30°C. but 

decreased by 23% when tempentuie was Mer inaeued fiom 30°C to 35"C, indidng 
.* -. 

that 30°C might be the optimum for the biomw present in this particular kind of 

wastewater For the primary sludge done, bcre8se in temperature decrerued the 

production due to poor clarifier periotmancc at hi& tempcrsitwts. 

For the mixture of industrial wastewater and primary sludge, acetic acid was the 

most prevalent with the average vaiues ranging between 57 and 75% . foiîowed by 

propionic and n-butyric acids which were neariy the same of around 15 to 17%. For the 

primaiy shidge alone, acetic acid was the predominant VFA constjtuting 65% of the total 

VFAs, while propionic acid foiiowed with 20%. The addition of industrial wastewater had 

a remarkable impact on the VFA Speaation where the percentage of n-butyric acid was 

increased, whüe HRT âid not have much of an impact. Increase in temperature led to the 

reduction in the percentage of the n-butyric acid present. 

The percent solubiiization of organic matter (measured as VSS or TSS 

destruction) increased with the introduction with the industrial wastewater. Variation in 

HRT did not bave signifiant d i  on orgMc matter solubifization, but an increase in 



temperature hPd an adverse di* on it, due to poor s d b g  of the biomass in the clarifier 

at an elevaied tanpmtwe. 

Considering tbc nitmgen transfodon pn>cesscq it wu obsaved that the extent 

of protein dqmchion wu wm pmwlcdd in the d u p a 1  primary shidge than in the 

maWe. Mosr baiauce dcuiatioas showed a g d  n«my of= in both systems. The 

amount of fiet e tonia  production pa unit prosM in the influent was hi* in the 

municipai primary dudge thai the mkture, and also it increased with inaeasing 

temperature in both reactofs. 

It was a h  obsenred that the steady state operation of an acid pbase digester can 

be replicated a d  the paformance of the system was conroiled by the operathg 

conditions and not the type of biomass iiritially present. 
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INTRODUCTION 

nie wodd popiktion is hamhg at a gcometric rate. At the Rte at which 

popuiuioa is gro- it has bœa prtdictod that by the year 2050, the world popdation 

would be 9.36 bülioa, cornparcd to 5.85 bülion at pmscnt (McDdt,l996). With tbis 

growth, the conam for the quaIity of the d o m e n t  is essential. With an iucrease in 

urbani7ntion and industridization, it W quite naturai that there would be a lot more 

production of waste in the yean to corne. 

Waste is gaierateci everywhere in the fom of  solid, liquid or gas. The liquid waste 

i.e. wastewater, is the water supply to the communities which is draineci out either not 

used or poîiuted by difliircnt sources. Liquid ~uents  from residmces and industries 

dong with the groundwater and storm water al1 combine into wastewater. 

This wastewater hm to be treated prior to disposal. Decomposition of organic 

matter in untraiteci wastewater would producc fou1 dors, which wouid r d t  in pwrer 

quality of the environment and lower its aestbetic value. There are a lot of microorganisms 

present in the wastewater, many of which are pathogenic, contributhg to a health bazard. 

There is always a possibiity of some toxic substanccs present in the wastewater. 

Wastewata also contains nutrients which might enhance aquatic plant growth, r d t i n g  in 

oxygen depietion and eutrophication. Heace, üquid waste management, involving the .. - 

wiiedon, treatment, disposal and reuse ofwastewater is necessary to maintain the quality 

of the environment. 



Concentrated liquid waste ( i-a. dudge) is the d t  of senliiig ofwastewater in the 

primaiy or seconcbuy m o n  tanks, rfta p-. "h dudge brs to be 

stab~bcfbrritcuibtdispossdofdtliUankacc~mplisbedbypiiys~ chemicaî 

or bioiogical means. BiologiaUy, the dudge an k stabihd ambicaliy or ane~nbically~ 

Anaerobic digestion has ben oae ofthc 01dest and moat ammon m e n t  mcthods due 

to its capaiditics ofaabüihg a iarge v o b  of shidse. low bio- production, a high 

destruction rate of pathogens, and production of methane u an energy source (Ghosh et 

ai., 1975). 

Anaerobic digestion is a muitistage pmccss* In briâ, it can be descn'bed as a rwo 

stage process. In the fust nage (the acid phase). the cornplex organic material is converteci 

into intermediaîe compouds, maidy etty acids and alcohols. Then in the second stage 

(the metharie pbase) these compounds are convcrted into a vmiety of end-produas, maidy 

methane (a) and cPrbon dioxide (Ca). Shce methane is a source of energy, most of 

the research has ban foaised on the methane production phase. Little attention has been 

paid to the acid phase, the process by which waste particdates are solubiliseci and 

fermented to fany acids (Eastmn end Ferguson, 1981). A detaiied howledge of acid 

phase fermatation is important in a wiety of situations mghg f?om improving other 

treatment processes to achicving optimum design for the patormance of fermenters. 

Typical applications of acid pbase digestion inciude improv~cnt of digestor staôility 

resuiting from physical separation of the acid and the methane phases; and increase in the 

concentration of soluble orgaaics which may be u d  to enhance subsequent treatment 

processes such as Biological Nuaient Removal (BNR) processes. 



Wdh the modan cra of industrisljzstion, thae U bound to be an innerse in the 

production of liqpid waste. Mimy of the iodugrirl eflduents are discbafged to public 

sewers rnd trmted dong with domCrtic scwage (hdWmm, 1994). Hcnce it U 

to study the eftècts of diffamt lrinds of indujtrial wast-er in combination with 

municipal wutavater on the o d  pdonaaace of anar?mhic digestioa 



LITERATURE REVIEW 

2.1 BIOLûGICAL TREATMENT PROCESSEES 

In most cases, wastewater am bc trrrtcd biologicaüy, if propa conditions are 

provideci. The con climinrats are removecl ôy the biological activity of microorgaiiisms in 

the qstc111, Biologicai processes are used primarily to rrmovc biodcgradaûle organic 

substances (doidal or d idvsd)  in the wastcwatcrCT Bliscally, these substances are 

converted h o  grses that can escape to the atmosphere, and into biological c d  tissue that 

can be removexi by secondacy settling, since the specific gravity of ceii tissue is greater 

than that of water. Biological processes are al& used to rernove nutrients fiom the 

wastewater wbich are present in the form of nitrogen and phosphorus. Removal of certain 

toxïc organic wmpounds can also be achïeved by providiag appropriate conditions. 

Biologicai treatment processes are used during secondary treatment to rernove the 

soluble or@c matter that escaped the prMuy tnstment. Secondary treatment involves 

bringing the d e  microbiai popdation in contact with the wastewater, so that it can 

consume the orgaaic rnatter as food. A gmat varïety of rnicrwrganisms corne into play 

that include bacteria, protozoa, rotahq nematdes, hgi, dgae etc. (Metcaif and Eddy, 

1991). These rnicrmrganisms can be aerobic (rrquifing fia oxygea), anacrobic (rcquiring 

an oxygen-fiee environment) and fadtative (Browing with or without oxygen). 



2.2 WASTEWATER COMPOSllTION 

Wastewatcr composition tdi to the a c t d  imouats of physid, chernid lad 

biologiul c o ~ e n t s  presmt in tht -- Physid ~0nsÉituents mcfude cofour, 

turbidity and odour. Chmicd compo- incMe totd soli& US), totll aupeaded rolids 
. ... 

(TSS), 5 4 y  biochemicai oxy8en demind @OD& chmical oxyl~m danand (COD), total 

o@c carbon UûC), sduble orgadc cubon (SOC), difkrmt forms of nitrogen and 

ph os ph on^^, chlorides, sulphates, gmse etc. The m i d i  population is rramd to as the 

biologid constituent (Metcalf and Eddy, 199 1). 

Municipal wastewater is UW principal source of O@C mana entahg hto the 

aquatic environment. Most of these or@c compunds are in the form of &hydrates, 

proteins and lipids. These t h  forms constitute 80 to 1WA of the volade solids (VS) of 

the primary sludge (Elefsiaotiq 1993). Thae is Plso some urea pcesent in the wastewater. 

but as urea decomposes rapidly, it is d d o m  observcd. Otha orpic compouads found in 

small fractions are synthetic detergents, phenolic compounds, pesticides and herbicides 

(Qasim, 1994). 

2.2.1 CARBOHYDRATES 

Carbohydrates are found in al1 animal, plam and microbial cells. They have a 

general formula of (CH'Oh whae aU. The short molecules are calleci monosaccharides 

which contain 3 to 9 carbon atoms. Poiysaccharides are mainly derivatives of simple 

sugan linked by glycosidic bonds. Municipal wastewater contains dinerent lcinds of 

carbohydrates wbich include sugar, starch, celhilose, pedn, Iignin and wood fiber. Most 



of these except mgon a insoluble in water- As starch is of interest in this study, a brief 

description of its propaties U giwn bdow. 

Sturh: Stirch hs tbc @ formulr (GH&L Pd U mrinly of two types - rmyiose 

and amylopecth. Amylose is compoacd of short c h m  polymen of eh,cose liaked by 1,4- 

glycosidic bonds, whose molecuiar wcight-varies fomi severai thaissnds to baifa riilillion- 

Amyloh constitutcs oniy 203C of starch Th remahhg U arlly10pcctis wbich U 

disriaguished by substadal bmching h m  the ends of amyiose segments av-g 25 

glucose units in lengk The molecdar wei@ varies f?om 1 to 2 d i o n  ('Foster, 1965; 

Bailey and Oh, 1977). Starch Y found in municipal wmtewater in d amounts. 

2.22 PROTEINS 

Proteins are poiymers of a-amiri6 acids joined together by peptide bonds. They 

conta* aubon, hydrogen, oxygen and nitrogen and in most cases sulphur and phosphocus. 

The m o l d a r  waght varies fkom 6000 to over 1 million. niey are an essential part of ail 

M g  matta. Proteins are oftwo mjor types - fibrous, which are tough and insoluble in 

water; and globular, which are soluble in water- Many amho acids have been identifieci in 

untreated sewage. Most of the organic nitrogen in wastewater is in the form of proteins. 

2.2.3 LIPIDS 

Lipids arc biological compounds which arc soluble in non-polar solvents and 

pradically insoluble in water. They are diverse in chernical stnicture and biological 

fùnction. They range fiom simple m o l d e s  of f'at to complex molecules of trigiycetolq 



Iipoproteîns, liposaccbarides and pborpholipids, which arc prcdomiiuult bdding materials 

for the ceil wall of various microorgmUDo @ily auci O b  1977). Most lipids conîah 

âitty lQds *ch contak 16 to 18 cribons atoms (Rescott et al, 1990). 

- Lipids am contr i id to the d o d c  wastcwatcr h m  buna. Irud, -, 

vegetable nts and oib (kktdfind EWy. 1991). AmmJ fkts a d  fiu h m  certain k i t s  

and 4 s  also comikna to the lipid content ofthewastewatu. 

2.3 INDUSTRIAL WASTEWATER 

Most induriel procfirses produa iiquid wastes which are g e n d y  high in 

organic loading. EfIluents fiom many industries are dischuged to public mers and an 

treateâ dong with domestic mage. Therdore a munïcipaî treatrnent tiicility dso provides 
... ., 

a smia to the indusûy (Matthews, 1994). In a study of anaembic dgestion of m a g e  

sludge and concebtfated wastewatas, Carrieri et ai. (1993) mixed primary sludge fiom an 

anaerobic digester with concentrateci wastewatas fkom o h  oil effluents, cheese whey 

and landfiil lechate. They conduded tbat the volumetric loading can be incfeased more 

than twofold than tht in conventional digesters when using the mixed wastewater, and 

also that the conversion rates of soluble substrates were better than those obtained in high- 

rate digesters. 

The industrial wastewater used in this study ans Born a potato profcssiag plant. 

Potato processiag industry is one of the most cornmon food iamistnes in the world. 

SliciDg and gxinding of the potatoes d t s  in the production of starch. The wastewater 

generated fiom these operations has a high concentration of starch. This wastewater is 



generdy with high concentrations of BODs, COD and suspended solids ( m g  and 

SeyfieId, 1993). 

As potato poccSgqe wastmmtcrs contain hgh c0IlCtlljfZitions of muiiiy 

biodegradable wmpaiads, they are most o h  M a i  by biologid p f ~ c e ~ ~ e ~ ~  Mahods 

usecl indude conventional and modified+activated siudgc systems, üickling filters with 

conv&ional and synthctic media, aerated iagoons a d  waste stabiliuibcon ponds @ideries 

and Environment Canada, 1977). Most of the datd reseafch bas been conductcd using 

combineci efkents ofa potato proctssulg plant. Landine et al. (1986) saidid a pilot-de 

experiment of a low rate amecobic treatment of potato p r d g  p l a t  duents. They 

obtained more than 80?4 removll of BOD5, COD and suspended solids under diffèrent 

conditions of hydraulic retention tiim @Rn and temperature. In an attempt to treat 

potato proccssiag wastcwater, Lin (1986) employed an aented lagoon foilowing 

anaerobic mers and reportcd satisfistory removal of COD and suspended soiids at 

Merent temperatures and loadhg conditions. The system pafonncd well even at 

temperatures as low as 4OC. In another study, Landine a al. (1983) used a buik volume 

fementer which provided W/o removal of BODI, COD and suspended solids under 

anaerobic conditions, while operating uada higher loads than t had been designeci for and 

at temperatures below 20°C. 



2.4 OVERVIEW OF ANAEROBIC DIGESTION 

Anaerobic digestion ir a dWagc proass in which o*c matta ir convertcd 

into a yariety of end-pmducts hcluding m d m c  rad crrbon'dioxide, in the absena of 

molecultu In p m û ,  it crn k ~onsidered as the fbllowing threbstep pmccss 

accomplished by a Me coa3ortium o f m i c r o o ~  (Wmg 1994). 

1. Hydrolysis: invohres the pdction ofcxtmduh enymes, by n i i c r o o ~ s m ~ ,  

for the transfbrmation of bigha moledar mur cornplex organic oompowids such as 

proteins, CIVbOhydrates and lipids into compouads suitable for use as a source of 

energy and ce1 csrbon. 

2. AcidogentsU: This involves the bacterial conversion of compounds produced by 

hydroIysis into lower molecular weight intermediate compounds such as VFAs and 

alcohols; and hydrogen. 

3. Acetogenesis aad MethutogaieJis: This imrolves the bactaid conversion of lower 

molecular weight intermediate compounds into methane and carbon dioxide. Methane 

is produad mainly via acetic acid or via hycûogen and carbon diorcide. 

Parkm and Owen (1986) also d&ed anamobic digestion as a threstep process. 

The first step is a combination of hydrolysis, liquefàction and fermentation, followed by 

the next step of hydro~en and acctic acid formation. The last step is methane formation 

Guja aud Zebnder (1983) presented a more detailed six-step p r o a s  for anaerobic 

digestion, as foiiows: 

1. Hydrolysis ofbiopolymas (&hydrates, proteins and lipids). 



2. Fermentation of d o  iads d sum. 

3. Anaerobic oxidation of long chiin Qtty lQds and dcohol. 

5. Conversion of acetatt to methane. 

6. Conversion of hydmgen to methme- 

.A schanitic reprrsentrtion ofthe &ove reactioas is shom in Fi- 2.1. The nni 

three steps are considad as acidogRnesù, wôiie the iast tbne ue considercd as 

methanogenesis. ûhosh (1975) defined the r à d - p h  as a combiïtion of hydrolysis and 

fermentation For b e r  operation and undastanding of the o v d  process of rinaaobic 

digestion, it hs becn sugeested tbst the two pbues be separated. This is because of the 

dinefences in physioIogy, ~fowth and nutritionai requirements between the two groups of 

bacteriai popdation in the two phases (Gii-Pena et ai., 1986). Ghosh (1987) and 

Fongastitinil et aL (1994) have shown the f-'b'i of sepadon ofthe two phases with .. -. 
Merent reactor con6iguratiom. Moreover, the two pbase aaraobic digestion provided 

better resuits when production and yield were taken h o  consideration, wmpared to the 

single-phase a~oaobic digestion In a study conducted to compare the solids reduction in 

a conventional and a two-phase digester, Bbattachnrya et al. (19%) showed that the two 

phase systems produccc1 2 to 6% increast in VS reduction ovcr conventional digestas. 

The min objective of an anaerobic digester is to tum an objectionabte, poliuting, 

sewage siudge into a stabiîized, much less poiiuting, digestecl sludge. Gas production is a 

s e ~ n d a r y  fature and varies with input solids concentmion and digester efIicicncy 

(Hobson, 1980). 
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Figure 2.1: Pathways of anaerobic metaboürm 
(Adapteâ fkom Gujer and Zehnder, 1983) 



A group of h i c  bacteth in acrturr are abk to famcDt and break down the 

products of hydroiysîs to simple o@c aci& Wrt acetic, propionic, butyric d vaiuic. 

Thu group of microorgmhs is kwwn as &dogens or acid-fi-. 

2.5.1 MICROBIOCOCY AND BIOCaEMISTRY 

In acidogenesis, crrbohydrates, potteins and lipids are the p ~ c i p a l  compounds 

used. A luge mimber ofmictoorprnùms utilize tbcm as substrates and convert than into 
. -- 

VEAs via maaobic mctabotic pathways. Sincc wrnpkx bio-polywrs uranot petrate 

the c d  membrane, bactaia exCretc azymes tbt hydrolyzc the partiailate substrates to 

smaU transportable mofecules (ElefWotis, 1993). 

There arc s t v d  groups of bacteria carrying out specific reactions in the overall 

process of anaerobic digestion The fermentative bacteria (also known as acidogens) are 

responsiile for hyâroIysis and fermentation. They produce enzymes which are r e l d  

into the medium to hydroIyze the complex organi~ compounds into d e r  molecular 

weight matcriai which is transportcd into the interior of the cells and fmented into a 

variety of end products ach as ethanol, acetate, propionate etc. (Novaes, 1986). 



2.5.2 PATEWAYS OF VFA FORMATION 

The production of VFAs unda annMabic coaditions ù the c f k t  of the aCtiVjtifs 

of the miaoarl  popuiation A iargt mmber of  r n i c ~ o o ~  b mspoasible for the 

breakdown of cornplex o@c matter (carûo-es, proteins rmd lipid~) h o  VFAS and 

other soluble carbon compouads thr- dinacat anaerobic metabolic psthwys 

(El&otis aud 01- 1994b). The nte of hydrolysis depends upon pH, tempaihin. 

type of substrate, ria of particles a d  the conCeatCILtion of the rrmsliiag biodegrodable 

partidate organics @astman a d  Ferguson, 1981). The hydroiysis products are 

fermenteci via diffcrc~~t metabolic pathways to VFAs and other soluble or@c 

compounds. 

2.5.2.1 CARBOHYDRATE METABOLISM. 

a. Hydrolyslr: 

Carbohydratcs like alidose, pectin and starch are hydrolyzed in to simple sugars, 

rnainly glucose, almg with some galactose, adinose and mannose. Microorganisms 

responsible for the hydrolysis iaciude Acetm'4rio celhfiticus, several species of clostridia 

and some h g i  (Guja and Zehndcr, 1983). Starch is a aorage material and as such U 

stnictured to be biodegndable. Starch is comaied to glucose by d o n  of four types of 

enzymes (Gottschalk, 1986). 



b. Femeatatiou of Su-: 

GIucose, the main product of the hydroiysis of poiysaccbandes is fiermentcd by 

m i c r w ~ u s i a g i t ~ a m r i n r w u r a o f c u b o n ~ a ~ s g y t O r t h t s y n t h & s o f d  

constituents. Ghiwsc b commeci kto pyrwme by the Embden-Mcyerbof-Pimas w) 
pathway, *ch is the main intcrmcdia!e proâuct. Fmm ditikem products Ue 

VFAs, alcohols etc. are fbtmed depeaduig on the species of microorgsnùms present. The 

EMP pathway is shown in Figure 2.2, whik the Mereat teactions nom pynivate to 

various end pmduds are shown in Figure 2.3. The volatile acids, gases (hydrogen and 

d o n  dioxide), and alcohols formai rire utüwd as substrates by methanogenïc bacteria, 

although it bar ken shown that llcohols are of mhor importance in the digestion of 

m a g e  sludge (Andrews and Peuson, 1965). 

Acctic rcid is formed by fermentation of glucose according to the foliowhg 

reacîion due to activities of microorganisms iike C ~ ~ i c k z  and Acefobocfen'a 

(Gottschslk, 1986). 

CsH& + 3C)4CûûH 

It is alsa fonned nom ho@c compounds k e  hydrosen and carbon dioxide by 

Clmtridim Aceticum (Andrews anci Pearson, 1965). 

2C&+4H2 c&cOoH+2&0 

Propionic acid is f o d  by fermentation of pyrwate by amterobes of the 

Propionihcten'um genus via the succinate-propionate pathway, according to the 

following reaction (EIeEPiaiotis, 1993). 



3C&COCOOH + 3H2 + 2cH'cH&Om + -COOH + C a  + Hz0 

A prcfbmd subsbate ofpropionaîdbrming bactcria is lactate, which enhaaccs the 

growth of the relevant cnicfoo-. T&rr arc two mechmsms in which propionate Y 

formed ftom lactate; in the puhway WC is nduccd kepwise to propiouate and 

in the ~~ccinst~~pmpi~nate patinmy Watt is commted to pmpionate via pyruvatt and 

succiaate. An overaü gcnenl equation for the formation of propionate h m  lactate is as 

follows (Gottschalk, 1986). 

3CH&HûHCûûH + 2CH3CHfiûûH + CHjCOOH + C a  + &O 

Butyric =id is fomcd as the f-tation product of obligate anaerobes of the 

genera C i d ' ,  B u ~ b r i o ,  Euhterium and F~swbacterium~ In the pathway, the 

pyruvate is coavcrted to aatyl C o 4  which U then c o r n r d  to butyrate via butyryî CoA 

and butyryl phosphate, unda the action of diffèrent m e s  (Gottschalk, 1986). 

2.5.2.2 PROTEIN METABOLISM 

a. Hydrolysis: 

Some bacteria use protein as a source of CIVbO11 and energy. They secrete 

proteolytic e v e s  thot hydrolyze the proteks and polypeptides to amino acids, which 

are transported in to the ceü to be used as buiiding blocks or fermentation substrates. 

Proteins are hydrolyzeâ in a reverse manner to which they are synthesized. The main 

microorganisms r e s p o ~ ~ ~ i i l e  for the production of amino acids is Proteus w l g m  and 

those belongiag to the species CiosWia cia~nr'dia (Guja and Zehnder, 1983). 



(2) ~ h o r p ~ ~ o l ~ c  aàd 

Figure 2.2: The Embdsn-MeywbolPama~ prthway for the conversion of gittcosc to 



* Boxed compounds sire possible end products 

Figure 2.3 : Fermentition produets formtd from pymvate 
(Adapted Born Andrews and Pearson, 1965) 



b. Fermentation of Amino rcib: 

The first step of amino acid utilidon is deamidon ( i r  rcmoval of the amino 

group(s) h m  aa amino ad). TIW ù oftai accomplishcd by tmwnhation, whae the 

amino-group is t m n s f h d  f3om rnmio &ch to an a - keto acid -or. ïhe o@c 

acid resuiting b m  the dtiniiaition can be collvcztcd to pyrwat~ acetyl CoA or a TCA 

cycle bitermcdhte rad evcahully oxidked in the TCA cyde to desse aiergy. It can aIso 

be used as a source of earbon lor syntbess of ceiî coIlStituests (Rcscott et aï., 1990). 

VFAs are a b  f o d  in the bentation of some amino acids without passing 

through pynMc acid as an intennediate compound. Some amino acids iike Ieucine and 

valine are oxidized tbrmgh the Stickland d o n  giviag bmched chah W h  iike iso 
#- -- 

but* and iro n k n c  acids, as shown in the foilowhg qurtions; wMe other amino acids 

Wre giycine and prdine sem as rccepton of the hydrogm pioduced (Andrews and 

Pearson, 1965). 

CH3-CHCH3-CHNHyCOOH + W20 + ~-CHCH3-COOH + N)L + 4H + C a  

Valine Iso butyric 

C H 3 - C H C H 3 - C H ~ & C O O H  + 2H20 + 

Leucine C&-CHCHpCHrCOOH + M I 3  + 4H + C a  

Iso valcric 



2.5.2.3 D l D  METABOLISM 

a. HydmiJnis: 

Lipids are fint hydrolyad to giyoad rad long chah fany &ds iikc steak, ol& 

and pairnatic acids (Andrews a d  Parson, 1%5). The predominant m i c m o ~  

responsiile for the iiyâroiysis of lipids are the specics bdongiug to the gmups BaciiIw, 

CI~sln%m ad M a .  Thcn are two mUa groups of eazynrer tbat are nspoiuible for 

the hydrolysis of iipids - Lipases, which utrlytc the renrsrife hydrolysis of fany acid 

ester bonds into simpler üpids; ind Pbspholipl~q which are involved in the hydrolysis of 

phospholipids @l&hiotis, 1993). 

b. Ftrmtntation of fatty acids: 

G l y d  can be comnrted to pyruvic acid via giycoIysis and then fennented to 

VFAs as descri'bed in section 2.5.2.1. (Andrews ad Painon, 1%5) . The metabolism of 

long chah fw acids talm place via a mechanism d e d  p-oxidatioa, as the carbon at the 

beta position (second eom the carboxyl atom) is orridwd. The stoichiometry of the B- 

oxidation reaction is as follows (Guja and Zehnder, 1983). 

(-CH2 -Cth -) + 2&O -+ CH3COOH + 2H2 

2.5.3 FACI'ORS AFFECTING W A  PRODUCITON 

Research towards the better understanding of VFA production during a~eaobic 

digestion has ken carried on for quite a few y t r n  (Andrews and Pearson, 1965, Ghosh et 

al., 1975). There have bca, studies on the feasity of phase separation techniques, 



identification of the limitations of the proass, and investigation of the e&ct of parameters 

iike HRT, t c m ~ e s  pH. d agitation speed on tbe acid phase fermentation of raw 

WaJtewaff a d  pcimuy shidgcillvauiau rarnor coanguntions. 

+ Eutmm and Ferguson (1981) idcntifjed the hydtolysis of pOrti&e o r p i c  

matter to soluble substrates as the rate-- step duriqe the acid gcnaation phse, 

white ElcfsDotis (1993) concludeci tbat the a d o n  of soluble metaboüc intefitlcdjatcs 

to VFAs and otha end-products wu the most Cnticai parameter in determining the rate- 

limiting step. Pitman et aL (1992) iavestjgatcd the fctmeatation for VFA production ushg 

rrcirdation of pr- shidge k w a n  primuy Cniimcntation tanks and primary sludge 

thickeners. The main disadvantage of this process was die increase in the nutrient and 

soiids lordiag to the biologicnl processes. 

Perot et ai. (1988) studied the influence of pH, temperature and agitation speed on 

the VFA production in férmenters, where pH wu controlied beîween 5 and 7, 

temperature betwccn 39°C and 54°C and agituion specd betwcen 378 and 622 rpm ï h e  

optimum conditions acbewd in the above shdy were a pH of 6.8 at 50°C and 545 rpm. 

They aiso suggested tht a pH of 5.0 seemeû to be the lowm possible for the sumval of 

hydrolytic bacteria 

According to Gupta et al. (1985), there is a consistent improvement in the VFA 

production fiom primary dudge in batch systems, fiom 10°C to 30°C. However, pH 

control at 7.0 did not afFect the production. A retention time of 9 days was required at 

10°C and 20°C but at 30"C, 6 days was reponeâ to be optimum. Skalsky and Daieger 



(1995) rlso reported tht VFA production iaaeucd with brease in temperature fiom 

14°C to Z°C, 
O 

Gon Cahes et ai. (19W) studied the influence of retention time on the 

fmeotation of nw wastewater in the mage of 1.1 to 4.3 heurs a a constant t e m m  

of 20°C. and d t s  iadicatd an optimum retention time of4.3 boun in a upflow dudge 

blanket reactor, whüe Aadrrwr ad Pearson (1965) ceportcd a optimum retention t h e  of 

2.4 days. Elebimotis and Ofcham (lm) nported a continuous inmase in VFA 

production whai HRT w u  iaaersed h m  6 to 12 houn and there was a &op at 15 houn 

due to onset of methaaogmaU In ddition, Eldbiotis and Oldham (1994b) have 

showed tbat a demase in pH fiom 5.1 to 4.5 âid üdt Séct the specioc VFA production 

rates, but an in- to 6.1 rcduced the production rates. 

2.6 APPLICATIONS OF ACID-PEASE DIGESTION 

An improved hiowledge of acid phase fermentation is important in a variety of 

situations. Digester stab'ity may improve fiom physicai separation of the acid and 

methane phases. The concentration of soluble organics is h c r d  in the primary darifiers 

and sludge thickencrs which ciffccts the subsequat trtatment processes. Optimum desigu 

and improved pcdorznancc of fermenters can be aiso achicved. Furthemore, the soluble 

organic products of the tcid phase digestion can be used to enhance Biologicai Nutrient 

Removal (Bm) pmcesscs (Eastmm and Ferguson, 198 1; Elefbiotis, 1993). 

Und recently, the traditional standards for the discharge of eftluent from 

wastewater treatment fkdities have fmsed on removai of contaminaats such as BODs, 



COD and TSS. Now tha! these parsmcttrs arc deait with efktively by conventional 

p c k u q  and sccoadrry treatmcnt, o t k  coacans arc gainia8 mon pmminence. Among 

these issues is eutropbidon, whîch is d e h d  as the enrichment of anfjict water bodies 

by nutri- (nitrogen d phospborus) and the consequent deterioration of water qurility 

due to 1mmht p w t h  of the pkdr @anesh, 1997). In tbe foiiowin8 sections biologicai 

aitrogén rcmoval and biol@cal pbospborus rtmovai in discwsed. 

2.6.1. BIOLOGICAL NïïROCEN REMOVAL 

N&O~CII am occur in many fbm in wastcwatcr and undergo numerous 

transformations in the trcatment pmcess. These transfofrrmtiom dow for the conversion 

of amnonia nitrogen to products, ake nitrogen gy that can be eady rernoved from the 

wastewater. 

Most of the nitrogai removal is accomplished through nitrification and 

denitrification Nitriflcaîion i s  carricd out by autotrophic miaoorganisms, which use 

inorganic carbon as carbon source. The nitrification process oonsists of two steps as 

foiiows (OleszkiCWicz, 1995). 

1. Ammonia is oxidized to niaite by Nitrosomonai~ and Nitrmucms. 

S-'+ 7602 + 109 HCW -> Ca&N + 54 Nw + 57 Ha + IWH2Ca 

2. %dation of nitrite to nitrate by Nitrobacfer and Nibqsh's. 



The main hcton SCCtiilg nitrification an SRT, growth rate, cüssolved oxygen, 

temperature d pH. 

DdxXcrition is the nmod of- in the tOrm of nitrate by c o d o n  to 

nitrogen gas unda amxk conditions. Facultative heteromphs use organic cribon as a 

source of e n a ~ ~ y  rad carbon, rad N Q  as the &ipl d k a ~ n  icaptor. The typical 

stoichiorndc equaion fw denMication is as fbilows (0Iesz&imCiy 1995). 

6N%* + SCKIOH + Hg@ -> 3N2 + 8Hfi + 6HCW. 

The major mors afféctiog denittification are carbon source, dissolvecl oxygen, pH 

and temperatum The example in the abwe d o n  uses methaml as an e x t d  carbon 

source- Due to cost considedoas, a sllbstitute for methano1 is kiag sougbt 

(Oleszkiewicz, 1995). Recent saidies have indicated that the use of acetic acid has r d t e d  

in successnil removal of Mtrogm in denitrifidon atpaiments (Dauesh, 1997). Thsefore, 

the VFAs produad during the acid-phase anaerobic digestion can be used as a substitute 

orgauic carboa source for denitrification- 

2.6.2. BIOLOGICAL PHOSPHORUS REMOVAC 

Phosphocus is rcmovcd fiom wastwattr wbea the microorganisms are subjected 

to altemathg anacrobic/amobic environment. Bio-P bacteth üke Acenifobau:ter are able to 

store wnsiderable amounts of phosphorus as poly-phosphates in th& ceils. nicy use this 

source ofencrgy to tnnspon the volatile fitty acids (VFAs) acmss their cdl w d s  under 

either aasaobic or aerobic conditions. Under anaerobic oonditions, they do not have to 

compete with other aembic or d e n i m g  organisrns. Wben an anaerobic contact zone, 



ftee of nitraîes and cüssohrcd oxygen kit with a nipply of VFAs, is provided, the bio-P 

bacteria will use the meqw to trriasfer VFAs h o  thn alls and store them as poly 

hydroxyiuconaîes (PHA), mirmy poly-Bhydroqhtymte (Pm). Whai p&g imo the 

=obi0 zone, tbe Bio-P bactcria mctabolize the PBB and usc thh energy to store 

wmeü fiom the system with the sttldge, p b o s p h o ~  nmoval occun (Comeau et al, 1986; 

Barnard, 1995). 

It has becn noticcd that there is a relationship b a n  the amount of VFAs added 

and the amount of phosphonis cvemurlly mmved hom the soiution. Pitman et. al (1992) 

reported that the addition of VFAs could enhance the arcess biologicai phosphoms 

removai. VFAs are cssential for the microorganisms involved in the biochernical pathways 

responsiile for biologid removai of phosphonis. It has been found that 7 - 9 mg of VFA 

are reqWred per mg phosphonis to be removed (Barnard, 1993). SufEcient concentrations 

of these readiiy biodggadoble components in the wastewater aiiow low phosphorus 

residuals (c 1.0 mg Ph) in the eiûuent (Goa Cdves a al., 1994). Abu-ghararah and 

Randall (1991) and Randall a al. (1994) reporteci that Ci - CI carboxylic acids except 

propionic improved phosphoms removd, and ais0 that bmched molecules of butyric and 
C. .. 

valeric acids were supaior to th& lincar isomcrs. MaM,bataa (1988) reported that the 

effectveneatss of the VFAs in biological phosphorus rcmoval had the descendhg order of 

acetic > propionic > butyric rcid. Carlsson et. al. (1996) showed that the effkct of VFA on 

phosphonis uptake depends on pH in thc range 6-8. 



2.7 REACTOR CONFIGURATIONS 

ûne of the main objsctives during the procus of laiaobic digestion is to mahtak 

a d c i e n t  r m o ~ t  of active biomus m the rcactotsC ûvcr the yeu~. mmy suspendcd and 

attachecl gmwth m o t  conEiguratios bm come into operation lila batch rcacton, 

completely mixai reactors, contact piocas with rccycie, CO- reacton Iike 

the packed beci, Mdizcd bai and arppaded kd reactors, shidge bWet reactofs and 

bsirned reactors (McCarty and Smith, 1986; M& and Eddy, 1991). The diffèrent 

reactor configurations are shown in Figure 2.4. The type of reactor to be considered for a 

partidar process depends on operationai parameters Iüce the nafure of wmewater, 

reaaion Lindics governing the proces, pravss requirements and local environmental 

conditions along with construction, operational and maintenance costs (Metcaifand Eddy, 

1991). Resctors are also characterized by their ability to controi the process variables, 

specialiy the miaobial solids (JeweU, 1987). Though a number of reactor types is possible, 

the type of digester to be selected depends upon the fdstock and economic 

considerations, rather than the bactecial d o n s  (Hobson, 1980). 

The r-or configuration sekcted for thk study on the acidogenesis of primary 

sludge along with starch-rich bdustrirl wastcwater h the complctely mixed reactor with a 

clarifier and a recycle system. This h d  of reactor bas been in operation for a number of 

years aud is considmeci as a dispcrsed or a suspendcd growth system (McCarty and Smith, 

1986). Completely mked reactors are easy to operate and produce statisticaüy reliable 

results, which are necessary for research In these remtors, the panicles upon entering the 



tanks are dispa#d immcdinteiy tbroughouî the tank Thae particles lcave the tank in 

proportion to th& -cal popiltion (Metcaif a d  Eddy, 1991). Completdy mixeci 

reactors also dow for mdcpeadcnt m T  ad SRT consroi, when recycle Y providai. 



Figure 2.4: Rcraor configuratioiu 

(hm McCarty and Smith, 1986) 



RESEARCH OBJECTIVES 

As disaisred pcvioudy, most of the nsarch on uiraobic digestion has beai 

focusai on the optimitation of the methane-pducing phse. A dctailed kmwledge on the 

acid-phase of macmbic digestion is a~cssluy as d e s c r i  in Section 2.6. There have 

been several studics on the acid phase digdoa in the ment past- Rcscar~h &as beca 

carried out to determine the fhsiWity of phse s e p d o n  and to explore the e&ct of 

temperature, HRT, anci agitation speed on the production of VFAs fiom raw wastewater 

and fiom municipal pimuy shdge, in batch reactors, and continuous flow reacton havhg 

vatiou c o n f i ~ o n s I I S  T&e lrinetics- of the p r o w s  and the effèct of wastewater 

characteristics have dso ben irrnstigated. 

Most of the research on potato proceshg p h t  wastewater bas becn on the 

combiied wastewater, which compn#J of the -8 water rad the starch wastewater. 

The starch wastcwater is by itseif d y  bidegradable and may enhance the VFA 

production if combhcd with municipal primriy sludge. It shouid be noted that in 

agridturai ucy the wastewater treatment plants of smali toms u d y  receive a 

signifiant amount of f d  processin8 .&astewaters. A reprcsen&tive example is the town 

of Portage la M e ,  Manitoba, Canada, w h m  40 to 50 % of the wastewater comiag into 

the treatment plant of tbis town is fiom a potato processing industry (Takach, 1996). 



The most important prescrit &y application of acidogenesis is in biologica nutrient 

removil. vit nimgal and phospbonw. It hs ban dirnurcd tbat there u a dina 

relatiomh@ ktwaa the mount of VFA pmsmt to the aumunt of phospbom fcm~vcd- 

In tbis case, it is accessiy to try to ooptimize the cobditions in wbich the VFA production 

is muamurd. Tbee is a la& ofinfodon iqptding the p a f P m  of continuous flow 

reactois in the tempainuc raqp of 22% to 3S°C, as hr as acidogc11esis U concemed. 

ûptimipllg the di&nnt c s v i t O e  and operationai parameters of the acid-phase 

anacrobic digestion ofdcipol primary siudge and comôimcd wastewatcr wouid nsuH in 

improvd desi@ of the nutrient removai proocss. 

Keeping tbe above considerations in rnïnd, the foliowing objectives were 

formuiatcd in the design of tbis study: 
-- . 

1. Explore the e f k t  of addition of an industrial waste to mtmicipai primsry sludge on the 

acidogeaesis. 

2. Investigate the &kt of an operational parmeter (HRT) on the acid-phase digestion. 

3. Investigate the e&a of an environmentai parameter (Temperature) on the acid-phase 

digestion. 

To meet the above objectives, two bench sule 

dadiers, were set up. Provisions wen mode to control 

continuous flow ceactors, with 

the HRT and temperature, and 

diffent analyses wae pafomed reguîarIy to d e  the behavior of the two systems. 

The net W A  prohidion and the production rate dong with the aibstrcite soIubilization 

gave a good conception about the extent of acidogenesis. 



MATERIAL AND METHODS 

4.1 SOURCE OF WA$TEWAm 

The p h a r y  siudge used in this rrswch was obtained hrom The South End Water 

Poîiution Coatrol Cents in Wepe& Mmitoba The shidge wu generally received once 

every ten d a .  and s t o d  ni a cdd chamber at 6'C in closed containers. The TS of the 

sludge was determinai and it g m d y  varied b a n  35000 rnfl and 40000 m@. The 

sludge was diiuted with tap wata to a concentration of5ûûûmg/i. This diluted sludge was 

fed to two continuously stirred feed buckets, which were dso kept in the cold chamber. 

The industrial wastewater was obtained fiom The Old Dutch F d  Company in 

Winnipeg, W t o b a .  This industry generates two sources of wastewater. One is the 

wasbing wastewater and the other is the starch wastewater. A lot of starch is produced 

when the potatas are siiced. Ln this plant, the starch-rich wastewater is passed through a 
- .. 

series of setthg tanks and the effluent is dischargecl bto the mers. The settied starch is 

taken away by fkmers and usai as feedstock The waJtmter for this study was coliected 

just before it e n t d  the first settljag ta& In this case a h ,  the TS was first deterniined 

and then the waste was diluted to 5000 mgll with tap water. 



fiom the feed buckeu. In the clatifiaf a h  s d &  the ef]Buent wu disposcd and the 

settled biomass was recycled brck into the fcactor- There ans a sampling I w d g  port 

on the reactor. Figure 4.1 shows the scbemrtic diypam of the system coafiptioa 

The deuils of the picce . .  ofequipmait r.. wcd arc as foiiows: 

1. Reacton: Made of Plucigly with i a t d  diameter of 10.7 cms. The total volume was 

2.25 liters, with a liquid volume of 2 l i ta .  The rtactors were attached with 

mechanid stirrers. 

2. Clarifiers: Modifiecl Imhoff mue, active vdume 2 liters. 

3. Penstaltic pumps: Cole Parmer 

4. Masteda pump h&. 

4.3 STARTUPPROCEOtTRE 

Digestecl sludge âom The North End Water Pollution Control Cerner in Wiaiiipeg, 

Manitoba, acting as seed was fed hto the reactors. The initial TS of the d was 25970 

mg/l. The reactors were seeded with 500 ml of diluted seed containhg 10,000 mg/l TS. 

The reactors were fed with the influent fiom the respective feed buckets. Initially it was 

decided to feed the rcacfors with TS of 1OOûû mgfi. It was obsaved that there was a 
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Figure 4.1 : EsperimcnW Set Up 



tendency for the influent boses to clog up. Hcncç it was decided to rduce the f d  

concentration to 5000 m#l, in order to m b h k  opmationai problans. 

4.4 . MONlTORING AND SAMPLE COLLEcllON 
- b 

The gtstem was monitored every&y throughout the duration of the atperiment. 

The HRT wrs checked daüy fiom the voiumc of the &luent ancl considering the amount 

wasted. A caiCU1ated amount of the biomass wes wasted everyday, to fmhtainan 

approximate constant SRT. Samples were collected fiom three Mirent murces: 

1. Infiuent: Samples wae taken directiy h m  the contiauousiy mixai feed buckets. 

2. Reactors: Samples wen taken fiom the mtctors through the samphg port. 

3. EfBuent: Samples were taken fiom the e!liuent container after the contents were weU 

mixed. Samples for effluent VFA and COD determination were takm fiom the 

cf arifier. 

The samples were anaiyzeâ for p K  solids CS, TSS, VS & VSS), soluble COD 

and VFA Once a week total COD was determineci, dong with total nitrogen and total 

Kjeldahl nitrogen 0. W the parameters ware d y z e d  in duplicates. Sarnplhg 

scheduliDg and panmeters of importance are mnmarhed in Table 4.1. Storage time 

before anaùysis was kept to a minimum In most cases (Wh)). the analyses were 

conducted on the same &y. If not, they were ampleted the foiiowing day. 

The systems were nin at difFerent conditions. Initially, in in 1, both reactors 

were fed with municipal wastewater- The temperature was arnbient (22°C) and HRT was 

18 hours. In Run 2, indusirial wastewater was intioduced in System 1 at an 1: 1 ratio by 



volume. In the followiag phue @un 3). the HRT was hcmsed to 30 houn, r ambient 

temperature. In the &sapent phases of the raie (Ruas 4 and 51, the tcmpawe was 

i n d  to 30.C and 3S°C m p a t i d y  at an BRT of 30 houn. Tabie 4.2 gives the details 

of the-omod prnmctas of the shidy. 

Table 4.1 : Sampling schedde 

HRT 

PH 

SoIids 

VFAS 

Soluble CODs 

Total COD 

TKN and Ammonia Nitrogen 

Head-space gas 

Table 4.2: Operationai Parameters 

Slospbg times 

Daihl 

ïhrice per week 

Tbrice per week 

Thrice per week 

Thrice per week 

Once a week 

3 - 4 times per run 

Occilsional sampting 

System 

M : Municipal Wastewater 



4.5 ANALYTICAL PROCEDURES 

The majority ofthe tests wae conducted in rceordrna to the Standard Methods 

(1992). The detrül are diSCiISSCd in the foUoWing 

4.5.1 DETEIMlINATION OP pH 

The pH wu determinad ushg a Fisher S c i d c  Accumet (modd 230) pH m a a .  

The pH meter was cabrateci evay tirne ushg standard b& suIutions of pH 4.0, 7.0 and 

10.0. The probe of the pH meter was inserted iato the sample rnd gently stimd until a 

steady reading was registered. 

4.5.2 DETERMINATION OF VARIOUS FORMS OF SOLIDS 

A hown amount of sample was placed in a pre-weighed aucible and kept at 

103°C for about an hour. Merwudo t was cooled in a desiccater and weighed again, to 

determine the TS. This crucible was ashed in a mufEle furnace at 550°C for an hour to get 

the VS. A hown amount of -pie was filtend through a Whatman (943-AH) glas 

microbe filter in a pre-washed, oven Qied, weigùed aucible, usbg a vacuum pump, and 

then dned at 103°C to get the TSS. This crucible was then ashed in a mufne ftmace at 

550°C, cooled and weigûed to get the VSS. 



4mSm3 DETERIWSATION OF CHEMICAL OXYGEN DEMAND (COD) 

COD was detetmined by the dosa! teflux doMc methoci- Part of the sample 

was censrifigd in micro centrifbge tubes for 10 minutes. Then the clear part of the 

biomass was fihacd througû @on nha papen (0.45 microns), dilute& and put in COD 

Mals. The COD digestion acid rod the catdyst wat addd and kept for digestion. M e r  

digestion for a mininuun of three b u s ,  t&e traasmittance was r d  in a 

Spectrophotometer (Buh and L o d ,  Spectronic 21) at 6ûû nm and the concentration 

read nom a standard curvc. The staadard airve was plotted b d  on the trammittance 

values of kuown concentrations prcpared in the laboratory- In the case of total COD, the 

same procedure was foiiowed, acept tbat the sample was neitha centrifiiged nor fdtered. 

4.5.4 DE-ATION OF VOLATILE FATTY AClDS (VFGs) 

VFAs were anaiyzed using an Antek 3000 Gas Chromatograph, which was 

equipped with a flarne iotüzation detector (FID). The injection, oven and detector 

temperatures were set at lSO°C, 8S°C and 170% respectively. Hydrogen was used as the 

carrier gas. The samples were centrifiiged in micro centrifûge tubes for 10 minutes. îhe 

supernatant was fltereâ and diluted. One microber of the sample was injected into the 

GC. The VFA distribution was obtained in a grapbical fom h m  the integrator. 



4.5.5 DETERMINATiON OF TOTAL AMMONIA iunaOGEN AND TKN 

The total ammonia nitrogen and totd Kjddrhl nitmgen wac rnaEyted 

using the Kjddahi tmimctn . . 'c mcthod. For total rmmonia nitrogen, the sampks were 

diluted in the tubes and borate krner ad 6N NaOH (to a d !  .the pH to 10.5 -1 1.0) wat 

added. The mOma wu distiiled in the Kjchic Auto 1030 A d p r .  For TKN analysiis, the 

samples wae dhted .ad 2 Kjdtabs were d d d  dong with 10 mb of concentratcd HzSOd- 

The m0<tuie wu thai d i g d  in the Tecator DS 20-1015 Di~estor, usiag the Exhaust 

System 1013 Saubber. Mer oooiing, it was distillecl in the Kjeltic Auto 1030 Aaalyzer 

with the dispension of a presct amount of aücaîi. 

4.5.6 DETERMIJSATION OF EEABSPACE GAS 

nie T h e d  Conductivity Gas Chromatograph GûW-MAC Series 550 was used 

for analmg the gas produced. The GC was eqyipped with a Porapak Q c01umn (801100) 

and Heiium was used as the d e r  gas. Gas was wîiected 6om the coilection ports in a 

10 ml syringe and ùjected into the port. The composition of the gas wiis printed out in a 

graphitai form, and the results wmpared to a standard aim obtained earlier. 



5.1.1 NATURE OF WASTEWATER 

The dliciency of rny treatment proass depends largdy on the characteristics of 

the raw wastewater. Thus reguiar d y s i s  of the influent wastewater is essential for the 

proper design and perfocm811ce of a trrrimient plant. 

The South End Water PoUution Control Center in Wdpeg, Manitoba gets the 

wastewater maialy fiom residential areas and also fiom a few industries. Important 

physical and c h d d  analyses were Wormed on the prbmy sludge and the data are 

included in Appenâix A (Tables A 2 and A 3). 

The influent to the reactors was based on TS content. The TS of the prirnary 

sludge was g e n d y  about 30,000 to 40,000 mg/i. The TS concentration was adjusteci to 

5000 mg& as mentioned eattier, to maintain a uaifonn f i  throughout the duration of the 

study. A amniary ofthe fPsd characteristics to Reactor 2 is shown in Table 5.1. 

The range of variation of most parameters was quite high, the dations in some 

being more than in othen. Statisticai analysis shows that the d c ï e n t  of variation (CoV) 

depends upon the parameters measured. Most of the parameters show a reasonsbly s d  

variation (<lS%), except for VFAs, COD and nitrogen values. The variation in the sotids 



concentrations wrs lowa as it was the wntd parameter of the influent. The dey to &y 

Vanatioas may be due to masons liLe DinhU d idtration, clean up of different units 

and fàiîure ofequipmcnt in the plant, wtiich h & d y  c t f i  otha parameters üke W h ,  

COD etc. 

Table 5.1 : In&tent characteristics in Reactor 2. 

Parameters 

PH 

TS 

TVS 

TSS 

VSS 

VFA 

Soluble COD 

Total COD 

NH3-N 

TKN 

* AU values accept pl 

Mean 

7.02 

4930 

3845 

4265 

3305 

224 

457 

5339 

65.6 

227 

are in mg/l. 

cov 

3.1 

9.2 

11.1 

10.0 

12.2 

47.5 

42.5 

18.4 

50.8 

24.9 

The industrial wastewmter fkom The Old Dutch Food Company was received 

generally at a TS concentration of amund 75,000 to 85,000 mg/i. In this case aiso the 

wastewater was diluted to 5000 m@i, mixed with the diluteci primary sludge (1 :1 ratio by 



volume) and then iatrodud into the fècd kicket of Rcactor 1. A aunmary of the féed 

characteristics to the to Reactor 1 is show11 in Table 5 2 .  In this case, the CoV values are 

in general a bit mon hi* w h e  most of tbe parameters show 20 to 303C variation. 

Table 5.2: Muent characteristics in Rtactor 1. 

Parameters 

PH 

TS 

TVS 

TSS 

VSS 

VFA 

Soluble COD 

Total COD 

NHpN 

TKN 

* AU values except pl 

5.1.2 COLD STORAGE STITDY 

cov 

A study was pcrformed on the stored raw siudge for 18 days. Thm was no 

significant variation in the VFA content. The variations observai were comparable to 

those expected duriag the chemicai anaiysis through experimental mon. Since the sludge 



was g e n d y  obtained once in 10 dam this study was not extended beyond 18 days. 

Table 5.3 shows the VFA content of the prgnuY shidge during the study. The coefficient 

of variation is 7.5966 indidg  tbat t&re wu not much cbaage in the VFA content of the 

primary rhidge during the study paiod. 

Table 5.3: VFA coatent in Muent during cold stonge study 

Date 

Dec 22 

Dec 24 

Dec 26 

Dec 28 

Dec 30 

Jan 1 

Jan 4 

Jan 8 

VFA content (mfl as Acetic A d )  

Standard Deviation: 183 

cov: 7.5 



5 . 1  BIOLOGICAL ACCLMATION AND STABILITY OF TEE REACTORS 

The bioiogicai population in a reactor bas to uidago a @od of a c c W o n  for 

enanhg slccasnil and susîahble opartion of tbt systetn- With cbanges in the 

environmdopartiond parameters, -or oodlgusti*on, typdcharacteristics of 

wastewater, the acclimJition perïod mi@ change. Mer the acchation paiod, the 

microbiaî population is at a steaây statc (apiübrium), whme the biomaw ùas adisted 

itseifto chaugiag cunditiom and have startcd hndoning in equili'brh with the prevailing 

environment. 

The paformance of a biologicai system at steady m e  conditions dependq among 

others, upoa the 0uctuations in the Muent. As mentioued eariier (section 5.1.1), there 

was quite a large variation o b d  in certain fluent parameters. Despite the variation, 

the systern could mPinuin a steady state, whkh mdicotes the sîabiliîy of the process 

In this study, Run 1 was the preümiaery run, where both the reactors were 

operateci at an HRT of 18 houn aad at ambient temperature (22 2 1°C), with rnunicipai 

primary sludge. The acclimation was achieved witbin a short period of time (8 to 10 days) 

in both the reactors. The biomass was considered to be acclimateci when there was Iess 

than 20% variation in the na VFA production (mean 284 mg/i and 272 mg/i; std. dev. 53 

rnd and 6 t mgn in Reactor 1 and Reactor 2 resptivtly) and the reactor pH (mean 5.59 

and 5.63; std dev. 0.17 and 0.16 in Reactor 1 and Reactor 2 respeaively). Under these 

conditions, the system was assuxned to be at a deady state. Whai the reactor VSS were 

taken hto consideration, the acclimation period was longer, around 15 days. It should be 



uoted that the stcady-state VSS concentration in e r h  reactor changecl with change in 

conditions ofthe study a di&nnt ~ a *  

pH is an important parameter indicating tht fbasi'b'i ofacidogcnesis* The influent 

pH was in the range of 6.7 to 7.3 aad the reactor pH wu in the range of 5.2 to 5.7 in 

Reactor 1 and 5.4 to 6.3 in Reaaor 2. The onset of mCthBM)genesis is indicated by a 

higher -pH of a r d  7.0 @dey and Olüs 1977; Paot r ai, 1988). Hence a low pH 

suggests thst the biomus was in the acid phase of aapaobic digestion. The fact that the 

influent pH was always aromd neutrai and thae was aiways a drop of more than one pH 

unit in the reactors suggests that acidogeacsïs was f-%le. 

Short cbain volatile fàtty aciûs (C2 to  Cc) are the major products of acidogenesis; 

minor products include formic and lactic adds and C2 to C4 aicohols (Andrews and 

Pearson, 1965). The n a  VFA production (expressed as acetic acid for cornparison 

purposes) was very similar in the two reactors with a value of moud 295 mgA. The 

higher VFA concentration in the reactors cleady indiateci the f&bility of atidogeaesis 

under these conditions. A favorable eLwiroment for the growth and maintenaace of a 

healthy population of acid produchg rnic~oo@sms was established during this run. 

5.2 EFFECT OF INDUSTRIAL WASTEWATER 

in wastewater treatment, the biological proasscs are carried out by a numôer of 

species which are different fiom each otha in maay aspects. The bctioning of these 

microorgaaisms is usualiy dominated by particular types of species, depending upon the 

environmental and operational conditions of the systern iike pH, temperature, retention 



time and source ofwastewaterer Som *es are p m  in large numbers end the overaii 

process is a d d o n  of the actMties of aii the m i c f o ~ ~ s m s  in the system. 

One oftbe sourcss of wastcwatta fbm Tho Old Dut& Food Company W rich in 

starch This lnad of~~~~tewaier bis a bigh concentration of carbohydrates and is low in 

proteins and lipids. This indUStfiBI aMtewater wu &cd with prhuy  shidge in a 1:l 

ratio a d  fd to Rcactor 1 in Run 2. T k  0th conditions werc not changcd, i s .  HRT was 

18 hours and tanparturr wu W C .  Tbu wis a change in the fecd characteristic and 

hence th- were severai observable chauges in the ôehavior of Reactor 1. It should be 

noted that thae wu no change in the operiiting conditions of Reactor 2 during this m. 

5.2.1 pH 

The pH of both reactors dropped to around 5.6 to 5.7 in Run 1 during the 

prelimuiary stage of the study. This indicated that acidogeaesis was ocaimag, which was 

also supporteci by the net VFA production. In Run 2, whcn the starch-rich industrial 

wastewater was iatroduced into the Reactor 1, therc was a M e r  &op in pH to around - - 

5.1, suggesting that acidogenesis was Ocaimag to a Iarger ment. Figure 5.1 shows the 

variation of pH in both reacton during the first two runs of the study. It should be noted 

that towards the lata part ofRun 2, thae was r &op in the pH of Influent 1. 

5.2.2 VFA PRODUCITON 

There was a production of VFAs in both reacton 60m nearly the beginning of this 

study, suggesting the feasibility of addogenesis. The net production of Wh in both 



reacton was around 280 mg/i (clxpressed as acetic ac.id). Tbu is an indication of the 

shdarity of operaîion of the two nrcton d e r  the same conditions. Figure 5.2 shows the 

na VFA production in tim two reactom during the nrSt two of this study. With the 

introduction of the industrirl wa~~ewater, thae wu a noticeable change in the net VFA 

production in Rcrctor 1. T'he net VFA proâuction wmt up by 110 rnfl (bm 284 + 53 

mg/l to 394 93 II@). This su- tht the ~tarcbiidi wastmater mked in a 1:l d o  

with municipai primary rhidge is more suitable for acidogenesis uada these conditions. 

Tabk 5.4 shows the s w c  production rates ofthe two reactors in the fh t  two 

runs of this study. The net specüic production rates (expresseci as mg VFA prduced/mg 

VSSeday) in Run 1 are similar in both rcactors in the fust run of the study (0.033 mg 

VFNmg VSS*âay and 0.027 mg VFNmg VSS*day for Reactor 1 and Reactor 2 

respectively). As the VSS concaitration of the two rcactors was very similar to each 

other, the shüwity in the rates is enptcted. With the introduction of the starch-cîch 

industriai wastewater, the speeinc production rate wem up to 0.057 mg VFNmg 

VSS*day, as compareci to 0.029 mg VFAlmg VSS8day in Reactor 2. This is due to both 

the increased amount of W A  pduced and a drop by 24% in the VSS of Reactor 1. 
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Figure 5.1 : Influent and Reactor pH in the two mactois 
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Figure 5.2: Net VFA production in the hvo rtacton in Runs 1 &2 



Table 5.4 : S m c  VFA production rates in Runs 1 & 2 

VSS (mm 

Specific production rate 

(mg VFA/mg VSS*day) 

5.2.3 VFA SPECIATION 

Reactor 2 

The VFAs identifieci during the course of this run were acetic, propionic, iso 

butyric, n-butync, iso valeric and n-vaieric acids. The identifkation of the individual VFAs 

in the acid p h  digestion is important as it provides valuable idonnation about the 

maabolic pathways of the process. M A S  are generally generated not oniy during 

acidogenesis of municipai wastewater, but also during the digestion of other industrial and 

agricuiturai wastes. 

Figura 5.3 and 5.4 show the distriiution of the individuai VFAs dwing Rum 1 

and 2. Acetic acid ans the min  VFA produced avemghg between 61% and 66 % in Run 

1 in both reactors- Propionic acid was the next most pdominarrt acid in the range of 19 

to 24 %. In Run 2 in Reactor 1 acetic acid was dl the most predominant one with around 

56% of the total VFAs, whiie there was a signifiant increase in the n-butyric acid nom 2 

to 16%. 
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Figure 5.4 : VFA specltion for Reactor 2 in Runs 1 & 2 



5.2.4 SUBSTRATE SOLUBILIZATXON 

Partidate owc matier fmt undergoes tiquetiicu'on by exfigctiIilrr -es 

More taken up by the m i c t o o ~ ~ .  Since most of th organic matter in the f d  is in 

the particdate form (> 95% as indicatd by the VSSNS ratio), solubition is a crucial 

step in the digestion pmccs. Hydrolysis dependr on many Won Wre pH. temperature, 

substrate type, sizc and nmin ofbiomms (Eastmm anâ Ferguson, 1981). 

The subotrate sofubiüzation cra be estimateci f h t  a d e t y  of parametas like 

soluble COD, TSS, VSS, SOC and TOC. Ail these parameters except for SOC and TOC 

were measured regulariy throughout the study and the results are wumnariaed in Appendix 

A (Tables A2 to AS). 

The addition of the industrial wastewater to Reactor 1 not only had a si@cant 

effect on the net COD solubilization but also on the specific COD production rates Figure 

5.5 shows the net soluble COD prome of the two reactors, while Tabie 5.5 shows the 

COD production rates. The net soluble COD production increased signincantly h m  3 19 - - 

+ 8 lm@ to 5 14 + 175 mg A in Reactor 1 with the introduction of the industrial waste 

whiie that ofReactor 2 was 419 f 186 mgh in Run 2. The solubition rates in Reactor 1 

went up flom 0.034 to 0.073 mg COD/mgVSS*day. In Reactor 2, the average 

solubilization rate was 0.041 mg COD/mgVSS*day in Runs 1 and 2 combined. This value 

is comparable to the rate in Run 1 in Reactor 1. It &OUM be noted that individual COD 

values in Runs 1 and 2 in Rcactor 2 showed a great deal of variation (Figure 5.5). maiaIy 

due to a potential adyticai problem in using the specwphotometer for COD at the 

beginnllig o f  the study in Rwi 1. 
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Figure 5.5: Production of net dubk  COD in Runs 1 & 2 





5.3 EFFECTOFERT 

HRT is an important parameter in the process as it indicates the contact tirne 

between the bacteria anci the food sources. It is the average length of t h e  that a molecule 

spends in the reactor and can be denDeci as the volume of the reactor divided by the 

average fîow rate (Metcalf and Eddy, 1991). It provides an indication of the amount of 

substrate used by the micrmr@sms. 

One of the objectives of this study was to investigate the e f f i  of HRT on the 

acidogenesis of municipai p- sludge and the mixture of primary sludge and industrial 

wastewater. In Run 2 of this study, thae wao some leakage in the clarifier of system 1 and 

heace the feeding was stopped for a period of 24 houn- Wheu the samples from that 

reactor were analyrod two days later, there was a drop in pH and a rise in the net M A  

production by 65%, suggesting that acidogenesis mi@ be favoured with an increase in 

HRT. Hence, it was decided to change the HRT fiom 18 to 30 hours in tbe 3rd iun of this 

study, keephg aii other parameters the same as in the previous run. 



5.3.1 pH 

Change in HRT fkom 18 to 30 houn led to a fiirtha drop in pH of Reactor 1. The 

average pH in -or 1 Quiag Riia 3 wu 4.4 as cornpond to 5.1 in Run 2. This 

indicatcd that the conditions wae fiwourablt to fiutha pro- acidogds, wbich U 

evident by the additional hcnase in VFA production. The variation in HRT did not 

change-the average pH ofReactor 2, wbich was 5.8 compareci to 5.6 in the pnvious ~ n .  

5.3.2 VFA PRODUCTION 

The profiles of the Unauent and reactor VFA contents of both systems are show in 

Figures 5 -6 and 5.7. Higher concentration of VFAs in both the m o r s  compareci to that 

of the feed indicates that the conditions of growth and proHeration of the acid producing 

bacteria have been fhvourable. 

Figure 5.8 compares the net VFA production of the two reactors as a bction of 

HRT. An increase in HRT Born 18 to 30 hours rdted in an inaease in the net VFA 

production in both reactors. in Reactor 1, the net production went up by 37.6% (fiom 394 

2 93 mg4 to 542 + 93 m#i) and in -or 2 the production went up by 13.4% (nom 290 

+ 79 m g  to 329 2 52 mg/l). These nsuhs were in accordance to Andrews and Pearson - 
(1965) who showed that net VFA proàuction i n a d  as HRT was increased to a value 

of 2.4 days. Elefsiniotis and Oldham (1994a) bave also show an increase in the net 

produaion when HRT wu increased bom 6 to 12 hours. A m e r  increase in HRT in 

both cases above, resuited in decrease in the net VFA production, mallily due to the o m t  



of methanogenesi~. The optimum HRT vJw was deperidcnt on the characteristics of that 

partidm type of-ewz~tet. 

A campariton ofthe s p d c  ma (ocpmsecl as mg VFA p m d u d m g  VSS*day) 

showsa totaiiy cîifkmt trriid vle 5.7). Thac was a rduction in tbe specSc rates in 

both reacton with an inaeuc in mT. Ia Reactor 1, the spdic Rtes dearscd fiom 

0.057 mg VFAImg VSS8day to 0.041 mg VFAImg VSS*chy wbüe in Raieor 2, the 

reduction was from 0.029 mg VFA/mg VSS8dry to 0.013 mg VFAlmg VSS8day. 

Decrease in the rpccific rates in both reacton can be amibutcd to the increase in the 

reaction t h e  due to incrrise in HRT. Monover, the ddecrease in Reactor 2 was dso due . I .. 

to increase in the rerictor soiïds (VSS). At a higher HRT, the settling in the clarifier 

Mproveâ, d t i n g  in more bioniriss being recycled ôack into the reactor, thus increasing 

the reactor VSS. 

Table 5.7 : VFA specific tates as a fùnction of HRT. 

Paramet ers 

HRT ('ours) 

vss (~fl) 

Specisc production rate 

(mg VFAlmg VSS8day) 

Reactor 2 



Figure 5.6: Inlliicnt and Rtrctot VFA profücs in Rcretor 1 as a frnction of 
ERT 



i Figure 5.7: Infîuent and reactor VFA profiIes in Reactor 2 as a function o f  
f ERT 
1 
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Figure 5.8: Net VFA Production in the two reactom as a functioa of  HRT 



5.3.3 VFA SPECIATION 

The VFAspechtionas a d t  ofincrruamHRTis Smiürrto that obsawdin the 

previous nm fbr bth nactom- M c  acid wu the predominant VFA pmcnt- In Reactor 

1 there wu a sisaifiant m e  of bkitync a d ,  in ~ppmrtimateiy qual ammts as 

propionic acid. The perctntage of n-ôutyric rad in the fèed to Reactor 1 is rlso 

compafatheiy hi@=. In Reactor 2, tbae was no mnarkable change in the spccYtion of 

the VFAq with acctic acid comthtiq the major M o n  of the VFAs followed by 

propionic d. The individual VFA concentratio~~~ are tabulated in Appendix A (Tables 

A4 and AS). 

5.3.4 SUBSTRATE S O L U B ~ T I O N  

Variation of HRT had a signifiant &êct not only on the concentration of net 

soluble COD, but also on the s e c  rates expresssd as mg COD produced/rngVSS*day. 

As was the case of the VFAs, hae dso there was an increase in the net soluble COD 

produced with inmase in HRT (Figure 5.9). but thm was a reduction in the specific 

rates, as show in Table 5.8. The net soluble COD production increased fiom 514 2 

175mg/l to 627 + 176mgll in Rmor 1, but remaincd around the same in Reactor 2 

(around 419 + 186 to 440 t 13 lmgn). Decrease in the specinc rates in both reacton can 

be attributed to the increase in the d o n  the-  Moreover the decrease in Reactor 2 c m  

be also due to increase in VSS in the reactor. 



18 hours 30 hours 

ERT 

Figure 5.9 : Net Sdobk COD production u 8 function of HkT 



Table 5.8 : Soluble COD specific rites as a fhdon of HRT. 

HRT (houn) 

vss ( m m  

S p d c  production ratc 

(mg COWmg VSS*day) 

The aamt of ocganic substrate solubilization can be viewed fiom a different 

perspective Le. the destruction of suspendeci solids. The percentage VSS and TSS 

reduction in the two systems, based on a mass balance at steady state conditions, is show 

in Table 5.9. in Reactor 1, change in HRT did not have any signifiant &ect on the 

percent VSS destruction. It might be due to the bd h t  a maximum value had been 

reachod, hercflfter incrcase in HRT does not e&a the solids destruction In case of 

Reactor 2, the picture was difkent. There was a si@cant inaease in the sdids 

destruction witb the increase in HRT fkorn 18 to 30 houn, rnainly due to the improved 

performance of the clarifier. As a result, the concentration of the solids in the effîuent was 

reduced significantly, d t i n g  in higher soüds destruction percentages. The trend in 

percent TSS reduction is very similar to that obtaincd fkom the percent VSS destruction. 

Since the VSS accounted for 75 - 85 % of the TSS in the influent in both reactoon, a large 



hction, approximately equol to the VSS undergoes solubiition during digestion. This 

can be attriiuted to the rnetaboüc requirements and the low pH in the reactots. 

Table 5 -9: Solid dcst~ction as a W o n  of HRT 

5.4 ErnCI'OFTEMPERAallrqE 

Biological reactions are extensively dapendent oa temperature as temperature 

iafluences the overall efficiency of the biologicai treatment processes. Temperature not 

ody infiuences the metaôoiic activities of the rnicrobid population, but also has a 

profound &&ct on factors iike gas tniufer rates and settling characteristics of the 

biological sotids (Metcalf and Eddy, 1991). 

One of the objectives of this -ch was to study the e f f i  of increase in 

temperature on the acidogcmsis of mwkipal primary sludge and of a mixture of primary 

sludge and industrial wadmater. The previous stage (Run 3) of this study was at ambient 

temperature. In the foUowing stage the temperatwe was increased to 30°C (Run 4) and 

then to 3S°C in the final stage (Rm 5). as mntioned in Section 4.4. HRT was maintained 

at 30 hours and al1 other pararneters were unchangeci. 

h. 

2 

3 

r 

HRT(h0lus) 

18 

30 

% TSS 
- 

% VSS 

Ractor 1 

73 

75 

Reactor 1 

76 

77 

- Rtactot 2 

25 

64 

Rcactor2 

24 

66 



5.4.1 pH 

Chaage in tanpuaturc did not bave a sigdcant Cgkt on pH. though there was 

obxmd an incrcsSiag aad in both systems. In Reactor 1, the pH i n d  fkom 4.44 to 

4.56 to 4.76 w h  tqmatwe wu iaacrral h m  22'C to 30°C to 3S°C rccordingly. In 

Reactor 2, whai the tcmptratuft ans mcrrised h m  22T  to 30°C, tbm wu a greater 

rise in pH fiom 5.81 to 621, kit rit 3S°C the pH was 6.37 (Appendk 4 Tables A4 and 

A5). The two mutors showed similP trends in pH variation with temperature. 

5.4.2 VFA PRODUCIION 

Increase in temperature b d  certain effects on the VFA production and the specific 

production rates in both reactors. Figure 5-10 shows a cornparison of the pronles of the 

net VFA production (as HAc), whiie Figure 5.1 1 shows the summary of the net VFA 

production (as HAc) as a niaction of temperature. 

In -or 1, with an increase in temperature f3om 22°C to 30°C. then was an 

increase in the net VFA production, but when the temperature was increased to 3S°C, the 

VFA production went down The same trend was followed by the VFA s p d c  

production rates as shown in Table 5.10. As the VSS values of the reactor were fairy 

constant throughout the haî  three runs, t can be said tbM perhaps, there is an optimum 

temperature of around 30°C for acidogenesis of this particular kind of wastewater. As 

seen in Figure 5.10, in Run 4, there was a disnirbance in Reactor 1 (explainecl later in 

Section 5.5.3) and hence the large variation in the net production. 



For Reactor 2, the situation wuas difltérenî. With inaease in taperanire, the VFA 

production weat down, as shown in Figure 5.11. It sbould be mted that then wu a 

si@cant fcdclctioa in the VSS in the reactor. Wah iacmse in tempenhut, the settüng 

of the biomrsr in the clatifier beamc poom aud as a d t  that was a losr of biomus 

through the efll&icnt. Heooe the reduction in the reactor VSS. Tbat amnt that the amount 

of the biomus adable to generatt VFAs wu rcduced riesulting in lowcr pcoduction. 

Inaease in tempamirt d e s  the settling characteristics in the clarifier pnr (Johnson, 

1995). A di&mit trend is foliowed by the speàfic production rates. When temperature 

was i n d  fiom 22°C to 30°C, the production rates wae the same. This indicated that 

a smaller amount of biomass Cui Run 4) was &le to producc VFAs a the same rate as in 

the prevïous nia At 35% the specific ntes dccmsed. In tbis case also, there might be a 

optimum temperature for the VFA production for this wastewata. 

Table 5.10 : Specific VFA production rates as a hction oftemperature 

Parameter 

Temperatun CC) 

vss (mgfl) 

VFA Specific rate 

(mgVFA/mgVSS.day) 

Reactor I Reactor 2 



Figure 5.10: Net VFA production p h  as a functioi of temperature 



Figure 5.11: Variation of average VFA production with Temperature 



5.4.3 W A  SPECIATION 

Incrcase in temparturt led to some changes in the VFA dllaibution in Reactor 1. 

as shown in Figure 5-12. The pmcmtage o f d c  acid wrs cordinuousiy hacascd 

57% to 76% u ternperanut wu imciwd h m  22% t o  3S°C. Then was a 

continuous decrrue in the n-kityiic acid ~nccn3ratjon h m  22% to 5%, wbile the otha 

VFAs did not show any appmchble variation 

InReactor2 thrtwasnot amajorc&ngeUi tbeVFA~on,  as showu in 

Figure 5.13. Acetic acid was the pllnery constituent Mth about 60 to 65% of the total 

WAs, with propionic acid king the second most abundant, with 20 to 25%. Al1 the other 

VFAs were bctwcea 1 and 5%- 

5.4.4 SUBSTRATE S O L U B ~ T I O N  

The increase in temperature had similar e&*s on substrate solubilization as did on 

the VFAs. Figure 5.14 shows the COD pronles of the two reactors. In Reactor 1, with an 

increase in tempcrature from 22OC to 30°C, thae was an incrase in the COD production, 

but when the temperature was incceased to 3S°C, the COD production went down The 

same trend was follo~ed by the COD spegfic production rates as show in Taôle 5.11. 







Figurt 5.16 Variation of soluble COD produccd with tcmpct.turc 



For Reactor 2. the situation was diflkmt. With an inaease in temperature, the 

COD production went down. It s h d d  be noted thit thac was a signincant duction in 

the VSS rsweiL Wnh an maeW in tanparnue. the sdhgofthe biomass in the 

clarifier becamc poora and as a rrsuk thrr was a IOOS of bio- through the effluent. 

Hence the reduction in the icactor VSS. Tht merat tha the amount of tbe biomas 

available to gawrate sohibk COD wu reduced, muking in the low production. hcrease 

in t e m m  makes the satliag cbin*àstics of the b i o m  poomr (Johnson, 1995). A 

Merent trend was obstrved for the speQnc production rates. Thcn was a süght variation 

with the change in temperature. which was not significant. The speeific rates in Runs 3.4 

& 5 varieci betwecn 0.018 and 0.020 mg COD/mg VSS*day. The loss in the biomass of 

Reactor 2 did not to alter its abiity to solubiaze the organic matter. 

Table 5.11: Speçific COD production rates as a fùnction oftemperature 

Parameter 

Temperature CC) 

vss ( m m  

COD Spscific rate 

(mg COD/mgVSS .&y) 

Reactor 2 

The paccnt solids (VSS and TSS) destruction based on a mas balance at steady 

state operation are tabulateci in Table 5.12. For Reactor 1 the variation was not significant. 



Thae was a dight dmp when the t m i ~ t u r ~  WU incnased 60m 22°C to 30°C. For 

Reactor 2 the percent rcduc~r*on b p p d  @ i i b d y  whcsi the tmipaitrue wu increascd 

fiom 22°C to 30°C. It k a m a i  JligMy when the tcrnpratm wu maastd to 35°C. Tbis 

again wu due to the poar sntang in Ctnna 2, which &ed in the loss of soli& 

through the effluent. 

Table 5.12: Percent VSS and TSS reduction as a M o n  of tanpamirr. 

5.5 GENERAL OBSERVATIONS 

5.5.1 HRT 

The HRT of a biologid system determules the amount of the that a molecule 

spends in the reactor. In this study, both reactors w a e  started et an HRT of 18 hours. In 

Run 1 there was a lealcage in tûe clarifier of Systern 1 and hence the feeding was stopped 

for a period of 24 houn. When the samples fiom that reactor were anaiyzed two days 

later, there was a &op in pH and a rise in the net VFA production, suggesting that 

acidogenesis hght be favoured with an increase in HRT. Hence, it was decided to change 

Tm- 

cc) 

22 

30 

35 

TSS CA) 

Reactor 1 

75 

64 

68 

VSS (?+A) 

Reactor 2 

64 

38 

47 

Reactor 1 

77 

67 

69 

Reactor 2 

66 

43 

50 



the HRT âom 18 to 30 bwJ in the 3rd cun of this study, k q h g  aiI other parameters 

same. 

Iata m Run 4, when the systcm was dUhukd d d e r a b l y  (as wül k explaincd 

in Section 5-53) the HRT m Reactor 1 m h e d  vaiucs of uouad 55 to 60 bwrs (as 

cornpared to the intendecl HRT of30 hou@. Analysis of simples firom tht paiod showed 

a much bigha pduction in net VFA and a considarbk drop in pK This was another 

indication thaî iacmsc in HRT wodd incrcase VFA production. Both incidents occumd 

accidentaily. Hcnce it is suggested to pafonn a similar study at a higher HRT and corne 

up with a optimum value. 

5.5.2 SRT 

Soiids Retention Tirne (SRT) is an important operational parameter that can be 

used to c m 0 1  the actMty of the microorganisms . It is defineci as the average amount of 

time tbat rnicroor@sms s p d  in the -or and is controUed by the amount of sludge 

wasted form the system per day. SRT affects the type of spedes which can be present in 

the system. It also determines the ment of theu activities due to the association with 

growth phases. Therefore in the process of acidogenesis, it is desinble to achieve an SRT 

that is favourablt for the growth of acidogenic boacria aad suppresses the growth of 

methanogenic bacteria It is also important that the SRT provide the system with 

maximum stability and least siudge. 

In this study, SRT was not a wntrol parametet. It was decided to maintain a 

average SRT of 10 days. However, in certain cases, due to high soüds concentration in the 



efIluent, spcciiny in Rtactor 2, it wu difficuit to muntain that vahe- Hence it was 

decided to mintain a SRT vahic of 8 d.ys, which wu poss~'blt most of the the-  It w u  

expected that acidogenesis wwld be ftrrdle at tbat SRT. Skdsîq aud Daigger (1995) 

report@ that fcmKnutioa procecb Rpdly evcn at a SRT of as low as 2 days. The 

avemge -or SRT for erch nm is show11 in Table 5-13. 

Table 5.13 : Reidor SRT (man values) 

Run SRT of W o r  1 (diys) SRT of Reactor 2 (days) 

8.4 

6-4 

8.8 

7.2 

5.7 

5.5.3 REPRODUCIBTLlTY 

Reprodua%iIity is d&ed as reproduction of a certain set of data under the same 

conditions if the experiment is repeatcd. S i n a  biologiul systems are dependent on the 

activities of miaoorganks, for a system to be reproducible, the micrabiai activity would 

have to be similar to that More the change. Easîman and Ferguson (1981) concluded that 

the steady state operations of acid phase digestas cari be replicated and that the 

s~ l~b i l i za t i~n  of the sudge solids is controlled by the operating conditions and not the 



type of biomass initialfy prcsent. ElefWotis and Oldham (1993) dso reportcd the 

repfieation of the acîd pbase -on with l a s  than 4% variation in the VFA 

production. . 
In this study, thae wu m opportumty to check the repduciiility of a biological 

system in Rustor 1. Tbc bchvior of the systm More, duing and a f k  the disnnbiace is 

sh0wn.h Fi- 5.15. In Rim 4, tifter 32 days of stable opefation, the system was 

disnirbed unintentionally. Due to my absences the fled concentration and HRT got 

disturbed to a large extent. HRT in Reactor 1 went up to as hi@ as 55 hours and influent 

TS concentration was up to about 12000 mg/l for amund 30 &y. Afta detecting and 

sohiing the problem, the system was diowd to s t a b i i  for 7 days, under identical 

conditions as before. Subsequeat results show a vay similar pattern to that obtained prior 

to the disturbance. 

5.5.4 GAS PRODUCTION 

Gas production is one of the main aimo of the aaaerobic digestion proasS. The 

acid phase Ïs cbaracterized by vay low gas production rnostiy in the f o m  of C@ , N2 and 

Ha which are by-products of many metaboiic pathways. Methane production should be 

very low or negîi@i'ble in an i d d  cases though Eutinan and Ferguson (1981) and Ghosh 

(1987) reportd some metbane production in the lcid phase, mainly due to improper 

separation of t&e two phases. There was an insignifiaint amount of gas production from 

the reactors tbroughout the entire duration of the study. Most of the gas producd during 

anaerobic digestion is during the mahanogenesis of the biomas* Gas composition anaiysis 
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Figure 5.15: Reproducibiiity during Run 4 in Reactor 1 



fiom tirne to thne indiaicd that Ca wu the pndomlliant gas in the rcactors, with 

negiigiii amounts ofmethrrne. As iadicated by tbe low pH in the reactofs throughout the 

period of study, the Somas wu in the acid phase and ham the low gas production. It is 

also a.proof tbat m&anogm&s wrr suppcsacd suceadiilly. GbGhosh (1987) reporteci tbat 

gasyielddœmasesuHRTandtempaaunueîncreascd. 

-HOW~VCT, in the chifier of the second reactor, p production was o b d  

visualiy, specirlly a Rum 4 ad 5 at higher temperanircs. Gu bubbles wae seen floatiag 

up towards the top of the clMna. As the chrifiers wae o p  to the atmosphere, it was 

impo~~1iiIe to measam the amount of gas pduced  in the clMna. Gas production 

wentuaily led to scum formoton on the top of the ciarifier and eventually to the poor 

settliDg and los  of soiids through the eflsuent. 

5.55 UARWlER PERFORMANCE 

The chifiers wem used for ocltliag of the biomass coming out of the reactor. The 

settled bio- was q c l e d  back into the reactor and the efaient wss dischargecl. 

Visuai observation showed Uiat the Setuing characteristics in the clarifias changed 

with the change in operathg conditions during the period of the study. in Run 1, the initial 
. -  . 

phase, mliiig was mcdioat as the biomass was adjusting itsclf to the new environment. 

The comparativcly shorter HRT meam a higher ffow rate and l e s  time for settling. As the 

industrial wastewater wiu introduced into Reactoc 1 in Run 2, improved 

considerably. Starch bas a specific g r a .  of 1.53 (Pay and Green, 1984). which is 

neariy SC& higher tben water (speQnc gravity * 1.0) and municipal primary sludge 



(specinc gravity * 1.01 to 1.04) (Metcalfaad Eddy, 1991; Qasim,1994). As a resuit of the 

higher spscific gmvity, sdhg in Chrina 1 improved remark3bIy cornparrd to that of 

Clarifier 2. Wah the increase in HRT fmm 18 to 30 ho- senliQg in Ctarifier 2 improved 

as more the  wu lWBilabIe for the biosolids ta xnk. With the hcrease in temperature 

fkom Zz°C to 30°C and nnrlly to 3S°C, settlicig characteristics in Clarifier 2 deteriorated. 

The soüds startecl f l h g  up and were being lost through the e88uent. Wang (1994) 

reported that the processes of settlurg and sludge digestion are not exactiy compatible, as 
1.. . * 

then is a tendeacy for the soiids to Boat up lad fonn a scum. In Clarifier 1, settiing was 

good ewen when the temperature was increaseâ. 

The pH and the VFA concentraiions ofthe reactor and the duent  were nearly the 

same in both systems throughout the study, though the pH in Clarifier 2 was cansiderably 

higher in the last nin At a pH of more  th^ 7.0, then is a possibüity that some 

methaaogenesis was talMg place (Perot a ai., 1988). This is supporteci by the gas 

production in the ~Iarifier, which could not be measured. The average VFA content ofthe 

reactoa and the c l d e r  per run is shown in Table 5-14. There was no significant 

additional fermentation in the clarifier, msialy due to the short retention tîme of the 

biosolids in the ckuifker. There is a possi'biüty of the existence of a d m c  equilibrium 

between the rate of add f o d o n  and the rate ofvolatilization. 



Table 5.14: Average pH and VFA concentnitions in Rcactor and Effluent 

1 

VFA 

* Values of VFAs are in m@'i 

Clarifier - 
PH 

1 - 
VFA 

S y stem 

VFA 

Clarifier 

VFA 

508 

660 

405 

436 

24 1 

ïhe individual WAs were converted to COD usiag appropriate conversion factors 

as given in Appendix B. From these values, the percent COD in the form of VFAs is 

obtained. From the literatun it has ban seai that this ratio can vary remarkably. Gupta 

(1985) reportecl the ratio as 41% whde Perot et al (1988) reportcd it as 46%. Both these 

studies wae in batch reactors. The average d u c s  obtained for continuous reactors are 

77% (Otiosh et al, 1975). Wh (Easürm aud Ferguson, 1981) and 66% (EletS'iotis, 

1993). 

Table 5.15 shows the mean and standard deviation of the percent COD in the fom 

of VFA in al1 the r u s  of the study. In Rclrtor 1, &a the addition of the indusaial 

wmewater, the values were moud 1W/o for the entire pend of the study. It appean 



that aU the COD an prcsent in the form of VFAs, which may lead to the conclusion that 

this partiailar mixture of wastewatcz is vay efkdve in acidogenic fermentation of the 

soluble o@c compounds prisent iri the wastewater. In Reactor 2, the percent COD in 

the fonn of VFAs d a s  not show any change with HRT. This obsavation is supported by 

the r d t s  obuiaed by EIefSiniotis (1993). Whcn the tcmpcratun was incnued to 3S°C, 

the percetltagt dropped drasticaily in Reactor 2, *ch indiates that VFA prduaion was 

more drastically d k t c d  than solubilitation at the highest tmperatwe tested. Overail, it is 

obvious that the conversion of soluble intermediates to end products is favoured by the 

addition of tbe starch-rich industriai wastewatcf. 

Table 5.15: VFAICOD Ratios 

Std. D m  (%) 



Niiogen is present in wastewater mainly in the fom of pmtein. The protein is 

hydrolyced to rmino aci& which in turn rn uscâ as fermentation substrates or building 

blocks of alï mattrials, The two fi,m of- m d  as total ammonia aitrogen 

and total KjelAahl nitmgen in this rtudy, fPs the influent, reactor and efltluent of ôoth 

systemsareshowninTiMeA 11 dA12inAppndinA 

The infiuent coaeentntion and the net production of aaunonia nitrogen in System 

1 are much lower than those in System 2. For System 1, the influent averaged around 26 

mgn and the net production was 8 m~ while the values for System 2 were 76 mg/i and 

38 mgll rrSpeam1y. Tbis was ucpectcd because the infiuent to -or 1 was maidy 

compriseci of carbohydratt from the starch-rich industriai wastewater. Ammonia is 

released d u ~ g  the deaniination of amino acids, Le. removd of the amino group (-N&) 

fiom the amino acid, 

The extent of protein férmentation can be viewed fiom auother perspective. An 

inaease in the hi* molecuiar weight VFAs, viz. iso butyric, iso valeric and n-vderic - .- 

acids, can be attributed to protein fetmentatjon (EleEUniotisJ993). Table 5.16 shows the 

percentage of iso butyric, iso vderic and n-vaieric acids as a part of the total VFA in the 

reactors- In Run 1, due to the Jiniüar nahue of the influent, the percentage is similar. But 

with the introduction of the industriai wwastewater in RWctor 1, the percentage in Reactor 

1 is signincantly Iower tban that in Reactor 2, accpt for Run 3. This bdicates that the 

degradation of proteinaceous matetid is more pronounced in Rardor 2, which is mainiy 

due to the bighcr conCentlZItion of pmtein in the influent of this system. 



Table 5-16: Percentage of VFAs relatai to protein degradation- 

Reactor 2 

(% of related VFAs) 

5.19 

9.60 

6.14 

5-36 

7.07 

A mas baiance of the system under steady state conditions shows a very good 

recovery of TKN, as shown in Table A13 in Appendix A For System 1, the total recovery 

is 88%, whüe for System 2, it is 104%. Assuhg  that ail the nitrogai is due to protein 

and that protein contaias on an average 16% nitrogea (Gaudy and Gaudy, 1980), then the 

protein content can be caicuiated fkom the corresponding TKN value by abtracthg the 

i n o r w c  nitrogen concentration @HPN oniy, in tbis case) and multiplying the différence 

by 6.25 (100 divided by 16). Muent protein concentration values are summarUed in 

Table 5.17. The net cimmonia production per unit protein in the influent is also show in 

Table 5.17. It can be sem h t  an incredst in temperature, &om 22OC to 3S°C (RuaJ 3 to 

S), r d t s  in m inacue in the net ammonia pcr unit protein in the Muent in 

both systems. Whai the two reactors arc compared, it is mident that the na k o n i a  

production in Reactor 2 is xnuch p a t e r  than in Rcactor 1, as indicated by the respective 

ratio. One reason might be the presence of starch in influent 1, which is easilYs 

83 



bidegradable. It has ban found th* in pure ailm the presence of &y bidegradable 

carbohydrates am suppnss protein hydroIysis (Elefkiotis, 1993). 

Table 5.17: Net Ammonu production per unit protein in the Mueat. 

( m m  

Influent 2 
L 

1213 

698 

1130 

950 

%& production / protein in influent 

( m m  

Reactor 2 (R2) 

0,0330 

0.0344 

0.0412 

0.0442 

Production 

Ratio 

WR1 

5.5.8 TOTAL COD CONSIDERATIONS 

Table 5.18 shows the ratio of the net duble  COD produced to the total influent 

COD. This ratio is expiessed as the amount of soluble COD produced pa amount of 

infiuent total COD. The influent total COD is  an indication of the amount of food that is 

entering the system, Comparing the two systems, it is seen tbat the ratio is higher for 

Reactor 1 than for Reactor 2, acccpt in Run 3. This might be due to the fact that the VSS 

concentration of Reactor 2 in that particular ru was considerably hi&a (20062 mg/l). 

In Reactor 1, the ratio increases with the introduction of the industriai wastewater. 

HRT does not have any significant efféa on tbis d o ,  whüe with increase in temperature 



fiom 22OC to 30°C, the ratio incremes and a m e r  increase to 35OC causes the ratio to 

decrease. These d t s  arc in accordance to those discussed in substrate solubiition 

under the d k t  of tcmpamirr (section 5.4.4). It CM be concluded that 30°C rnight be an 

optimum tempaiturr for this parti* type of wastcwater. For Reactor 2, there is a 

variation in Ruar 1 and 2 though the conditions are identical, as explainecl in d o n  5.2.4, 

due to a pot& dyt ica i  pmblaa Howeva, ifthe average of the two runs is taken into 

account, a d o  of 0.053 mg soluble CODImg totd Muent COD is obtained, which is 

comparable to that in Rwi 1 of  Reactot 1. HRT does not e&ct the ratio, whik increase in 

temperature deaeiiser the ratio. This un be comlated to the behaviow observeci for 

substrate sohibilization in Reactor 2 as a fimction oftemperature ( d o n  5.4.4). 

Table 5.18: Net soluble COD produced / Total Muent COD - 
Ruas 

- 
1 

2 

3 

4 

5 - 

Influent 

Total COD 

(mg4 cl 

6416 

7990 

9594 

8625 

5983 

Reactor 1 

Net COD 

produccd 

( m m  Q 

3 19 

513 

627 

713 

419 

Ratio 

c lk2 

0.049 

0.064 

0,065 

0.083 

0.070 

Muent 

Total COD 

( m m  c3 

6416 

6322 

6043 

4449 

4542 

Reactor 2 

Net COD 

prduceû 

( m m  c4 

Ratio 

c3/d 



5.5.9 DEGRADATION PATHWAYS 

A summary of the VFAs gencrated in the acid phase aaaerobic digestion of 

municipd primacy siudge and the starch-rich i n d m  wastewater is presented in Table 

5.19. M c  acid is the most pmnlent VFq as it is fbrmed dirr*ly f h n  the fermentation 

of &hydrates and protehs, as wdl as d c  oxidation of lipiâs via a number of 

metabolic pathways (Seaion 23.2). hpionic acid is primariiy f o d  fiom 

carbohydrates, but un also be ptduceâ from proteins and iipiâs. Butyric acid is rnainiy 

generated nom proteins and lipids, though it can be dso fonned fiom C8CbOhydrates 

through pyruvate via an altemate pathway through a-1 CoA, acetoacetyl C o 4  P- 

hydroxybutyryl CoA aad crotonyl CoA (ûottschallr, 1986). Since the percent of n-butyric 

acid increasod in Ractor 1 &er the addition of the starch-rich induJirial wastewater, it 

can be said thaî the pathway foliowed for butyric acid f o d o n  is through pyruvate, even 

though Gottschalk (1986) suggests that in a mixed cultures this pathway is coasidered to 

be a minor one. Iso butycic and the twa isomers of valeric acid are largely associated with 

the fermentation of proteins as d d b c d  in section 5.5.7. 

POTENTIAL APPLICATION OF FINDINGS 

The d t s  obtained in tbis researcb have con~buted towards a better 

understanding of the acid phase anaerobic dig*on of p h m y  sludge and mixture of 

primary sludge and industriai wastewater. It was o b m e d  that under d conditions, the 

1 : 1 mixture of municipal primuy sludge and starch-rich industriai wastewater had a higher 



Table 5-19: Summary of range of percent VFA distriiution 

VFAs 

Acetic 

Propionic 

Iso Buîyric 

N-Butyric 

Iso Valeric 

N-Valeric 

production of VFAs than the municipal primary sludge done. As mentioned earlier 

(section 2.6.2). there is a d i r a  relationship between the amount of VFAs present and the 

amount of phosphorus released tinder anaerobic conditioas. For example, in Run 3 (HRT 

of 30 hous and ternperatwe of 22°C). the clifference in the net VFA produaion between 

the two reactors was 213 mg& Le. thcn was an additional 213 mg/l VFAs production in 

the mixed wastcwater comparecl to the primrry sludge aione. Considering that 7 to 9 mg 

VFAs are required pcr mg ofphosphonis mnoved (Barnard, 1993). it would be possible 

to remove additional phosphorus from wastcwatcr e f f i y .  It should be noted that the 

removal of phosphorus ais0 depends on other operational conditions üke solids content, 

fiow distribution etc. Heacc, it can be mggestecl that the 1:l mixhire be used for 

production of VFAs to get an overaii better phosphorus removal ttom the wastewater. 



CONCLUSIONS 

The cnéa of the induaial wastewater addition and the operationai and 

environmentai patamctczs investi*gated hod p r o f d  C O L I S O Q U ~ ~ ~ ~ ~  on the acid-phase 

digestion Basal on the d t s  ofthis work, the following condusions can be drawn: 

A favorable environment for the activities of the acidogenic bacteria was estabbhed. 

Atidogenesis was feasible under al1 conditions, as indicated by low pH, high VFA 

production and vny low gas production. M ~ o g e i e s i s  was s u c c e ~ s ~ y  suppressed. 

Net VFA and COD production as well as the specific production rates (expressed as 

mgVFA(or COD)/mgVSS*day) increased 6 t h  the introduction of the ~tarch-rich 

wastewater into one ofthe reactors. 

HRT also had a profouad e&ct on the net VFA production- Increase in HRT from 18 

hours to 30 houn haeased the VFA production by 37.h in the mixture in Reactor 1 

and 14 % in Reactot 2. 

Variation in temperature had mixeci efficts on acidogenesis. For the mudure in 

Rcactor 1, the net VFA production wcnt up by 15% wha, temperature was inaeased 

fkom 22°C to 30°C, but decreased by 23% at 3S°C, Uididng that 30°C might be the 

optimum for the biomsss prisait in tbis particular ici& ofwastewater. For the primary 

sludge in Rcactor 2, incmse in temperature decreaseâ the production due to poor 

claritiet @onnuce at high t e m p e m .  



5. in Reactor 1 acetic acid was the most p r d e n t  VFA avercipiag about 57 to 75% , 

foiiowed by pmpionic and n-butyric which wae neady the same of amund 15 to 17%. 

In Reactor 2 acetk acid wu the pdominant VFA with around 65% d e  propionic 

acid Mowed with 20% of the totsl VFAs. The addition of industrial wastewater had a 

remarkablt impact on the VFA spechtion whsre the pacc~tagc of n-butyric acid was 

inrreased, d e  HRT did not hoM much of an impact- Increase in temperature leci to 

the reduction in the paccntage of the n-butyric acid prisent. 

6. The percent sdubi t ion  of organic motter (m& as VSS or TSS destruction) 

increased with the introduction with the industrial wastewater. HRT did not have a 

considerable effect on this parameter, but inmase in tempetatute had an adverse effect 

on it, due to poor Jettlùig of the biomas in the chrilier at an ekvated temperature. 

7. The steady-state operation of an acid phase digeste can be replicated and the 

performance ofthe system is contmiied by the operathg conditions and not the type of 

biomass initially present. 

8. The extent of protein dcgradrtion was more pronounced in the municipi prïmq 

sludge than in the mixture. A mas baiancc of& two systems showed a very good 

recovery of TKN in both systems. nie amount of net ammoaia production per unit 

protein in the influent is  bigher in the municipal p r h a q  sludge then the mixture, while 

this parameter showed an incftasc with incrase in tempariture in both reactors. 
-. . 



FUTURE RECOMMENDATiONS 

Consideraîions for Mer research shouid k f d  on the foiiowhg w: 

hiring this snidy then was ample proof tbot inmase in HRT increases the VFA - 
productioa In this study, HRT was hcceased upto 30 hours. Effea of M e r  

increase in HRT should ôe dutl ted to obtain a optimum vahe for acidogenesis. 

The performance of the'systems should be evaluated at lower temperatures, i.e. lower 
œ 

than room temperatwes. This study proved that the system was failing at 35°C. The 

feasibility of acidogenesis at Iowa temperatures has not ban investïgated adequately. 

Tberefore, more idormation is needed in this area. 

The m&ue of municipal primary sludge Pnd industriai wastewater in this saidy was in - 
the ratio of 1 : 1. DKerent ratios of mixtwes dght give a totaiiy merent outlook to 

the paforrnance ofthe system and potentiaUy Iesd to an optimum ratio. 

Throughout thh study, the f-ock was diluted to a TS content of 5000 mgll . In - 
most treatmeat phnts, primary sludge wiU bave a concentration. Hence it would 

be usenil to hvesfjgate the @ormance of the proces using a more concentrated 

feed. 



As expiaîned in Chapter 2, ( d o n  2 4 ,  the main application of this stuciy has been 
9 

recentîy associsted with the removd of phosphorus fiom wmtewater- However VFAs 

might bc used as a ofeiaic urbon source in dCni~CBtion. Since thn is a limitecl 

amount of rrseuch in this area, ftnhr studies on denitrifiation ushg VFAs is 

necasary to d u a t e  the pafomiancs of the ~ ~ O C ~ S S ~  

This was a tabomtory scak expcrhcat niis study cm be extended to a plot sale 
n 

operation to evaiuate the reai lifé paformance of the process- 
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Table A?: Effluc 

Std,Orv 0.26 

SM. (kv 0.20 

t charaderistics for reador 2 
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Table A7 contd, 





Run 1 

0.1 
$02 
8.8 
49 
3.3. 
S.? 
7.8 
11.1 
tao 
7.7 u 
2 s  

Run 2 
mam 

0.6 - 
5.3 
162 
1 3.0 
8 3  
11.1 
32 
62 
8.8 
62 
5.4 
27 
4.4 
7.3 



- 
Date - 

25- AU^ 
28- AU^ 
30-Aug 
3-Sep 
5-Se p 
9-Sep 
1 1 -Sep 
14-Sep 
1 7-Sep 
1 &Sep 
20-Sep 
23-Sep 
25-Sep 
27-Sep 
30-Sep 
2-Oct 
eoct 
7-06 

Std. Dev 

- 
Date - 
9-0d 
11-Oct 
leod 
10-Oct 
18-06 
22-06 
25-0d 
20-ou 
30-Oct 
1 -NOV 
4Nov 
6-Nov 
&Nov 
1OlNov 
12-Nov 
1 5-NOV - 

Run 1 

53.03 0.01 4 
Run 2 

p u d i o n  rate 
233.178 0.024 183.83 430.01 13110 

Net 1 Production 

Net 1 Produdion 1 

Std. Dev 
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Std. Dev 

93-15 0.008 
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I ProdudSon 1 Influent IReactor IReador 
p u a i o n  rate VFAs VFAs VSS 

762.848 0.061 145.59 488.10 21100 
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Std. Dev 
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System 1 
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Net - 1 PmdWbn lnflwnt [Reactor lReactor 
p u d i o n  rate lVFAs WAs VSS 

788.S 0.01fl 133.68 270.68 7500 
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0-01 9 
0.01 3 
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0-004 
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production rates are expresssd in mg WA producedl mg W d a y  



Table A10: Total COD of the hiK, systems 
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All values in 
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Date 
2 5 a a  
1-Nov 
1GNov 
15Nov 
2-Dec 
16.Dec 
24-Dec 
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1Wan 
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7-m 
2- - 

* Ail values in 
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Fmd 2 R88dor2 Effluent 2 
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Various Conversion factors 



Conversion Factors for VFAs 

Conversion Factors for CODs 

mg VFAlmg HAc 
1,000 
0.8 17 

0,682 

0.588 

Parameter 
1 

Acetic 
Propionic 

Butync 
Vaieric 

M o l e u h  Wu@ 
60.05 

74.08 

88.10 

102.13 

Basis 

Acetic Acid 
Propionic Acid 

Butyric Acid 

Valeric Acid 

Parameter 

Acetic Acid COD 
Propionic Acid COD 
Sutyric Acid COD 

Valetic Acid COD 

Conversion Factor 

1.067 mghg Acid 
1.514 mg/mg Acid 

1.818 mglmg Acid 

2.039 m g h g  Acid 




