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Abgtract : Thermophilic anaerobic digestion of waste
activated dudge (WAS) wasexperimentaly studiedin
thisresearch. WA S using cattle dung inoculumswith
total solids(TS) concentrationsof 12.02, 17.58, 23.28,
26.75, and 35.2 g L * weredigested anaerobicalyina
batch digester at thermophilictemperatures (55 C°) for
aretention period of 13days. Effect of TS concentra-
tion on the quality and quantity of the produced gas,
pH variation, and thekineticsof biogasproduction were
investigated. Theresults showed that biogas produc-
tion potentia and biogas production rateincreased with
anincreasing TS concentration. The maximum biogas
yields from TS concentration 12.02, 17.58, 23.28,
26.75,and 35.2 gL were0.186, 0.189, 0.93, 0.213,
and0.231L (gV9)?, respectively. Modified Gompertz
eguation was employed to model the biogas produc-

INTRODUCTION

Activated dudge process (ASP) isused widely to
treat both industrial and urban wastewatersduetoits
huge advantages such asitss mpleoperation, high treat-
ment efficiency and low functioning cost. The produc-
tion of enormousamounts of excessdudge, whichis

tion at different substrate concentrations. Theequation
gaveagood goproximation of themaximum biogaspro-
duction (R ) andthebiogasyield potentid (P) with cor-
relation coefficient (R?) over 0.992. Thedigestion at
TSconcentration 35, 8g L gavethebest results. The
maximum biogas production reaches0.856 L day™*, and
thebiogasyield was 6.650 L at the end of the 13" day
of theexperiment. Thisamount of biogaswith compo-
sition 72.59 % of CH,, and 23.6 % of CO, isequiva-
lent to 190 KWh of electricity.
Theseresultsshow that WA Smixed with cow dungisan
effectivefeedstock for biogasproduction, givingahigh
cumulaivebiogesyidd.  © Global Scientificlnc.

K eywor ds: Activated dudge; Solid content; Cattle
dungfluid; Biogasyidd; Thermophilicdigestion; Kinetic.

also called as“waste activated sludge (WAS)”, is the
major problem of theASP. Since unsuitabledisposal of
the WA S posesasgnificant menacefor environmenta
systems because If the water, at the end of the treat-
ment, ispurified, initia pollution (fermentablesubstances,
ahigh pathogenicload: virus, bacteria, parasites. .. and
of the toxic compounds such as the traces of heavy
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metal and or traces of the organic compounds) arefound
partly stored and concentrated inWASand ThisWAS
isthen considered arecoverable waste, it should be
eliminated while respecting some regulatory con-
straintg*2.

Management, va orisation and €limination of these
WA Sareproblematicfor thetreatment plant. Inanim-
mediatefuture, thisproblemislikely to be accentuated,
being giventhe projects of construction of new treat-
ment plant which will makeit possibletoincreasethe
“purifying “capacity and consequently to increase the
production of WAS. Being given thelocal and lawful
constraints, the installation of perennial fields for
va orisation and thedimination of WA Sisdifficult and
expensivefor thecommunities?.

Eventhough, WASisrichinnutrients, itisnot yet
usually accepted for use asafertilizer for agricultural
purposes. Theres stlancesfromthefarming production
concernsprincipaly fear of heavy meta sand other pre-
sumably toxic compounds. Incineration isreasonably
expensve and needsthetreatment of fluegasin order
to removetoxic compounds; it isthuswell debated.
Themajor disposal routeisland application (or agri-
cultura use), butitissubject to reservationsfrom farm-
ersand consumers. Subsequently, itiscrucia tofind
more efficient treetment in order to reduce s udge pro-
duction inthe wastewater treatment plant!. Hence,
much attentionintermsof both environmenta and eco-
nomical aspects has been focused on the sludgetreat-
ment processesfor both reducing theamount of dudge
produced and getting better the stabilization degree of
dudge. Biologica methodssuch asanaerobicdigestion
iswidely used for dudge stabilization, becauseit havea
responseto most of the problemsarising fromtheor-
ganic effluents: which not only reducesthe quantity of
dudgeto be disposed off, but a so producesvaluable
methane gas, enhanced dewatering properties of the
digested dudge, high quaity biosolidsfor land gpplica-
tion, and asacarbon sourcefor denitrification™®. The
anaerobic digestion processgeneraly consistsof four
stage, hydrolysis, acidogenesis, acetogenesis and
methanogenesis. In anaerobic digestion, thebiol ogical
hydrolysisisidentified astherate-limiting step”. To
moderatetheimpact of rate-limiting step, pretreatment
of WASisrequired such asthermd, dkaline, ultrasonic
and mechanical disintegration®®9, Thesetreatment can
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accd eratethe solubilitzation of WASand minimizethe
particle size, which subsequently enhance the anaero-
bic digestion™3, Another dternativeto increasebiogas
production fromaWA Sdigester isinoculationwith resi-
dueswhich present better digestibility, improved biogas
production/methaneyield arising from availability of
added nutrientg314,

The objective of thisstudy wasto determinethe
effect of total solid content of substrate on the biogas
production from wasteactivated d udgeinoculated with
cattledung at thermophilic conditions.

MATERIALSAND METHOD

Materials

The WA Sretention timein the extended aeration
process (dudgeage) was 10 days. It wasobtained from
urban wastewater treatment plantsin Boumerdes, Al-
geria. Cattle dung was obtained from bovine’s cattle
farm, they characteristicsareshownin TABLE 1. The
materia hasbeen homogenized in an e ectric blender.
The sampleshave been stored at 4°C in a refrigerator

until usage.
TABLE 1: Averagecompostion of theWASand cattledung

Activated
Parameters dudge %itrt]lge
waste

TS@L? 24.1 53,7
VS(gL™ 10.71 28,6
T COD (mg L™ 780 18720
N-NH, (mg L™ 18.8 720
N-NOs (mg L™ 36 78.2
P-PO4 (mg L™ 423 6972
pH 7.2 6.8
Mooisture content (%) 98.3 46.3
Total califorme (MPN(100mL)?%) 557 10® -
Fecal coliforms (MPN (100mL)?%)  8.8310° -

Anaerobicdigestion

Microorganismsfor anaerobic digestion consisted
instart of those present in aerobic activated udgein-
ocul ated with rumen microorganismsof cattledung. The
reactor for anaerobic digestion had avolumeof 15L
and itsworking volumeof 12 L. When subtract was
added, reactor was purged with helium gasto diminate
air fromthereactor. Themixed sludgewasstirredin
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the digester without oxygen contact. Thereactor was
incubated at 55 °C and the biogas volume generated
was measured by liquid displacement (water, pH 2,
NaCl 10%).

Analysis

Totd solid (TS), volatilesuspending solid (VS) and
Chemical Oxygen Demand (COD) were determined
according to Standard Methods*®. Biogas samples
were collected using a gas sampling injector and a
sample of 100-200 pL was used for each run. The
biogas composition (CH, + CO,) wasdetermined us-
ing agas chromatograph (GC-HP 5890) equipped with
athermal conductivity detector (TCD) and stainless
steel column that was 2m long with a5mm OD and 2
mm | D and contai ned Porapak Q 100 that had amesh
range from 80-100. The carrier gas was N,, and the
analysiswascarried out at acarrier gasflow rateof 30
mL.min? with theinjector, column, and detector tem-
peratures at 120, 90, and 120 °C, respectively. The
pH of the anaerobic durry (dudge) was measured us-
ing adigital pH meter, which had an accuracy of +0.1
pH unit. Phosphate was anal yzed by the molybdenum
bluemethod ¥, Molybdenum acid ammonium solution,
2.0ml, and an L-ascorbic acid solution, 1.0 ml, were
added to the sampl e solution. After 15 min, the absor-
bance at awavelength of 700 nmwith UV—visible re-
cording spectrophotometer (UVmini-1240
SHIMADZU) using 10 mm matched quartz cells.

The kinetic data obtained from all assays were
checked for the fithess of modified Gompertz equa-
tion*"%8, The modified Gompertz equation, that gives
cumul ative biogas production from batch digestersas-
suming that biogasproduction, isafunction of bacteriad
growth. Themodified Gompertz equationisgiven by

(Eq ).

M =P.exp{—exp[R”|;'e(l,—t)+l]} 1)

Where M isthe cumulative biogas production (L), P
the biogas production potential (L), R themaximum
biogas production rate (L d?), A the duration of lag
phase (day) and t isthe duration of the assay at which
cumulivebiogasproduction M isca culated (day). The
parametersP, R and A were estimated for each of the
digestersusng POLY MATH software.

RESULTSAND DISCUSSION

Theprofileof pH over thelength of thedigestion
period a different TS concentration under thermophilic
temperaturesisshownin Figure2. Theresultsindicated
that the pH values seemed to vary with operation time
inasmilarway inthedl samples, asseen, thepH darted
fromthesameinitia pH (7.0-7.1), and in the all samples
it was dropped to 6.8 — 6.3. Dropped at first partly
duetothe heterogeneity of straw particles, subsequent
hydrolysis process occurred in the reactors and the
voldtilefatty acids(VFA) accumulation, especialy dur-
ing thefirst threedays. However, all the pH increased
after 3 days operations, and reached around 6.5, and
thengradudly increased; findly, it reached alevel about
7.8. The pH varied between 6.8 and 7.8 which nearly
lied in the favorable pH range of 6.6-7.8 for
methanogenic bacteria™.

To study theeffect of TS concentration onthe per-
formance of the anaerobic digestion processWASwith
initial concentrationof TS: 12.02, 17.58, 23.28, 26.75
and 35.8 g L at thermophilic temperature was di-
gested. The TS content was presented interm of dry
matter and the cumul ative biogas maintained at room
and ambient temperature along. The research was
carried out intriplication. The dataobtained fromthe
study thenisaveraged and the cumul ative volume of
biogas production was observed during 13 days as
showed in Figure 3. The digestion was characterized
without fluctuation of biogas production at the begin-
ning. Degradation of substrate started amost immedi-
ately and proceeded without problemsin all diges-
tionsand biogas productionissignificantly increased
dueto exponential growth of microorganismsandto
their higher adaptation to the change of the concen-
tration of subtract, except that for digestion withinitial
TS concentration of 12.02 g L™, it took about 2 -3
daysfor initiation of biogas production. Thereason
for this observation may be dueto the lag phase of
microbial growth. After 12 - 13 days observation,
biogas production for all samplestend to decrease
and thisis predicted tends dueto stationary phase of
microbial growth?d. The biogasyield, biogas pro-
duced per g organic solids (volatilesolids) for differ-
ent concentrations of substrataover al3 day diges-
tiontimeat thermophilictemperature (55°C) is shown
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Figure?2: pH variationsduring SAW anaerobic digestion at different total solid concentration under the ther mophilic
conditions(55°C)
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Figure3: Cumulativeboigasproduction at different total solidecontent under ther mophilic conditions(C° 55)
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in Figure4. Therates of biogas production differed
appreciably according to the TS concentration. Fur-
thermore, asshownin Figure 4, the best performance
for biogas production wasthedigester with 26.75 and
35.8gLtof TS, givebiogasyield0.231and 0.213L
(gV 9L, respectively after 13 daysobservation. While,
the other TS concentration of 12.02, 17.58, and 23.78
gL*givethebiogasyield 0.185, 0.189, and 0.186 L
(gvS)?, respectivey. Thisissimilar withtheinforma:
tionfromAmani et al. (2011) that the optimum solid
concentration obtained for biogasproductionisinthe
range30- 32 gL Thelower biogasyield indicated
that therewas an inhibition of methanogenic bacteria.
It can be observed from Figure 4 that bulk of sub-
strate degradation takes place up to aperiod of 12 -
13 days suggesting that the digesters should prefer-
ably berun at adigestiontimecloseto 12 - 13 days
for optimum energy yidd. Rosand Zupaci ¢ (2003)122
have reported datafor batch thermophilic anaerobic
digestion of waste activated sludge. They have ob-
tained 0.565 L biogas (gV S)* at retention time 10
daysand concentration of solid content 15 %. This
results presented on Figure 4 arelower compared to
those reported bay Ros and Zupacic (2003)122,
Themethane content of the biogasgenerated from
thefermentation of studied substrateisshowninFig-
ureb5. It wasin therange of 52-56% during the first
4-5 days of the digestion process and was observed
to beintherang 62-72% after 13 days. The average
methane content of the biogas generated from thefer-
mentation of theWASwithinitial TS concentration:

0.25 -
0.2 -
0.15 -

0.1 -

0.05 +

Specific biogas production ( 1/g VS)

35.8, 26.75, 23.28,17.58,and 12.02 g L *was 86.7,
79.3,78.2, 76.5, and 81.3 % respectively. The Fer-
mentation of WA S at total solid concentration 35.89
L* had greater proportion of methaneinthe gas, and
that increased asthe concentration of total solid con-
tent increased. Kinetic parameters of anaerobic di-
gestion process are always used to analyze the per-
formance of digestersand design appropriate digest-
ers, whichareaso helpful in understanding inhibitory
mechanisms of biodegradati oniz!. With an assump-
tion that biogas produced is afunction of bacterial
growth in batch digesters, modified Gompertz equa
tion relatescumul ative biogas production and thetime
of digestion through biogasyield potential (P), the
maximum biogas production rate (R ) and the
reduration of lag phase (1). To analytically quantify
parameters of batch growth curve, a modified
Gompertz equation wasfitted to thecumulative biogas
production data. Values of parameters obtained are
summarized in TABLE 2. It has been observed that
the cumul ative biogas production wasfit well withthe
modified Gompertz equation asisevident from the
correlation coefficient R? (0.992 - 0.998) between
the experimental and predicted valuesalongwith the
parameter estimatesin TABLE 2. Lag phase (L) was
found 0.042, 0.042, 0.19, 0.424, and 4.168 day for
TS concentration 35.8, 26.75, 23.28, 17.58, and
12.02 g L. respectively. Shortest lag phase () was
exhibited by TS concentration 35.8and 26.75g L™,
0.042 days, which indicated a good acclimation of
theorganismsinthereactor. Whilethelargest lag phase

—— TS=35.8g/1

—— TS=26.75 g/l
—&— TS=23.28g/1
—— TS=17.58g/1

—¥— TS=12.02g/1

(0] 2 4 6
Time (day)

Figure4 : Biogas yiels vs total solid content at under thermophilic condiontions (55°C)

10 12 14
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Figureb : Relative methane yield at different total solide content underthermophilic conditions (55°C)

TABLE 2: Valuesof fitting functionsand statistical measuresfor thekinetic model at different total solid content

Total solid Correlation Maximum biogas Biogaz yield Duration of lag
content, gL coefficient (R?) production (Ry), L day™ potontiel (P), L phase (), day
12.02 0.998 0,402 2,266 4.168
17.58 0.995 0,349 3,074 0.424
23.28 0.994 0,511 3,802 0.190
26.75 0.993 0,596 4,651 0.042
358 0,992 0,856 6,650 0.042

(A) was exhibited by TS concentration 12.02 g L™,
4.168 days. This lag phase might be due to low
methanogenic activity and/or the number of
methanogens, inthe digesters, that could result inthe
accumulation of thevolatilefatty acids (VFA) pro-
duced during theacidogeni c step. High concentrations
of volatile fatty acids could cause inhibition to
methanogenesi§?1. However when TS concentration
ishigher the quantity and species of anaerobic bacte-
riaenableto degrade morekind of substrate content
inWAS andtheyieldisfaster. The biogas production
rate(R ) for TSconcentration 17.58 isthe lowest of
0.349 L d* and the highest is shown by TS concen-
tration 38.5gL*withavalueof 0.856 L d*.
Therefore theamount of gas produced at theend
of digestion period was highest for TS concentration
35.8g L1 (6.65L). Thiscould be because WAS is
richin nutrients and contai ns adequate amount of car-
bon, oxygen, hydrogen, nitrogen, phosphorous, po-
tassium, calcium, magnesium and anumber of trace
elementswhich are very essential for the growth of
anaerobic bacterium®!, Thiscould have optimized

syntrophic interaction between acetogens and
methanogens which is the most critical step in the
biomethanation process?®l. However digestersfor TS
concentration 26.75, 23.28, 17.58, and 12.02g L*
produced 4.651, 3.802, 3.074, and 2.266 | of biogas

respectively.
CONCLUSIONS

Andyzingtheexperimenta dataset it wasfound that,
the production of biogasfrom WA Slargely depends
ontheinitia total solid concentration. If theamount of
TS content was changed, the production of thegaswas
a so changed. Themaximum gas productionwas0.231
L (gVS)*for TSconcentrationstudied 35.8 gL *which
gavethekinetic parameters of biogas productioni.e.
biogas production rate congtants (P), maximum biogas
production (R ), and minimumtimeto producebiogas
(L) are 6.650 L; 194.4 L day*; and 0.042 days, re-
spectively. The graphs have verified that Modified
Gompertz equation best describes cumulativegaspro-
duced asafunction of retentiontime.
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