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ABSTRACT.

The Upflow Anaeroblc Sludge Blanket (UASB ) and the flxed flim
reactors (F.F.) had been compared at the laboratory scale, using a
synthetic wastewater as effluent contalning acetic and proplonic acids
as substrates. The UASB reactor deveioped an highly actlive biomass: 9.3
Kg COD/Kg VSS.d for substrate consumptlon and 3.46 1 CH,/g VSS for
methane production. Such specific rates indicate the reactor was
operated near saturation with a high COD removal efficlency (94X). The
determination of the VSS content of the fixed flilm reactor alilows to
calculate Ilower rates. Both reactors were able to treat efficiently
this type of effluent up to volumetric organic loads of 15 Kg cop/m3 .d.
The scaling up of both reactors will have to look carefully for an
approprlate llquid distribution at the reactor bottom.
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INTRODUCT ION.

The advances performed in the fleld of anaeroblc digestion over
the last decade, has transformed this technlque to treat urban and
industrial waste waters, Into an attractive alternative (Speece, 1983).

The number of units to process anaerobicaily Industrial waste
waters has increased quickly In Europe (Hulsoff Pol et al, 1988; Segura
1983). In Brazll (Vlelra and Souza,1986) and Colombla it Is Intented to
applled the avanced anaeroblc reactors to the treatment of urban waste
waters. In Mexlco, In splte of the numerous advantages of these
process, there are very few experimental works were done wlth them
(Me)la and Magaha, 1986; Monroy and Noyola, 1986; Young et al., 1987).

This work presents the experimental results obtalned at
laboratory scale, wlth the following anaeroblc reactors: upflow sludge
anaeroblc blanket (UASB) dligestor and tubular fixed fllm (F.F) reactor.
These reactors will be fed with a synthetic waste water. These process
fulfll the requlrements for being applled at Mexico, and they have
proved to be operative In others developing countries. However, In
spite of thelr Industrial development, It Is stlll necessary to perform
Intensive research efforts, to understand the complexity of the
microblal relatlonshilp which together with reactor design determine
thelr efficlency. Particularly, the production and the control of well
adapted anaerobic Inoculum Is still a major problem, mainly In relation
with the production of granular siudge and degradation of recalcitrant
compounds.

This study Is a part of a larger research program, which tries to

deflne an approprlate technology, which will be used to face up to the
problem of water pollution In Mexico.

MATERIAL AND. METHODS.

EXPER IMENTAL " SET-UP.

The experiment had been performed using two reactors of each type
(UASB, F.F.) named: UASB 1 and 2, F.F. 1 and 2 operated at 33°C. The
reactors were made with acrilic columns of 9.6 cm of dlameter and 1 m
of helght.

The UASB reactors (UASB 1 and UASB 2) (Flig. 1a) have an useful
volume of 4.5 it. The fixed film reactors (F.F 1 and F.F 2) (Fig. 1b)
were packed wlth PVC tubing (1/2°'dlameter) and contalned each 21
tubings of 67 cm of helght, with a relationship area/voiume of 221 m?
/m®> . The F.F. reactors had an useful volume of 4.75 1t. The reactors
had been fed using peristaitic pumps and a synthetlc waste water
contalning acetate and proplonate as substrates (Table 1). The gas was
collected In columns fllled with an acldifled brine .

START-UP .

Two dlifferent Inocula were used: a fresh cow manure and an
actlvated sludge from a secondary settler of an aeroblc urban waste
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water treatment plant. The fresh cow manure was used to Inoculate UASB
1 and F.F 1, the activated sludge was used for UASB 2 and F.F. 2. Both
Iinocula were adapted anaerobically: the fresh cow manure was allowed to
stay one month In the Khan et al. (1979) medium, and the actlvated
sludge was processed according to Arlas and Noyola (1987). In both case
2 | of sleved inoculum (mesh. 0.96 mm) and 2 | of synthetlc medium
(Table 1) were Introduced in the reactors and recirculated 10 days. At
the end, the F.F. reactors were purged to remove the sludge In excess.

Table 1. Composlitlon of the synthetlc waste water used to feed the
anaeroblc reactors.

COMPOUNDS CONCENTRAT ION
CH, COONa 5 g/l
CH; CH; COOH 1 mi/l
NH,C1 660 mg/ |
NaHCO, 600 mg/ |
(NH, ), SO, 250 mg/ |
K, HPO, 130 mg/ |
KH, PO, 100 mg/1
CaCl, .2H,0 200 mg/ |
MgCl, .6H, 0 100 mg/1
FeSO, .7H,0 14 mg/1
Mo, Mn, Cu, Zn, Al, NI, Co

tap water

CoD 5 to 5.2 g/1

OPERATION OF THE REACTORS.

Varlous hydraullc retention times (HRT) were applled from 72 h to
2 h. The following parameters were determlined: pH, chemlical oxygen
demand (COD), gas productlon and composition, and the sludge volumetric
Index (svl) according to the manual of Standard Methods (APHA, 1980).
The gas was- anallzed by gas chromatography. The real HRT was
determinated by a tracers technique (Levensplel, 1972) using
bromocresol green and spectrophotometry (617 nm) (Jlmenez et al.,
1988) .

RESULTS.

The start-up of the four reactors was Iniclated at high HRT,
which was decreased after reaching each time the steady state. The
steady state was consldered established when the parameters kept
constant over at least 5 TRH.

The reactors UASB 1 and F.F. 1, Inoculated with fresh cow manure,
did not present methanogenic activity during the first three months of
continuous feeding. For that reason a very small amount of sucrose (500
mg/1t) was added to the synthetlc waste water, In order to allow
facultative anaerobes to use the dissolved oxygen, and then to reduce
the redox potentlal In the reactor. This modlificatlion resuited In a
rapld Increased In the methane productlion, reaching a stable level In
one month for UASB 1 and two months for F.F.1 (Flg. 2). UASB 2 and
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F.F.2 were inoculated with adapted act Ivated sludge, and fed since the
beginning of the start-up with the mixture of VFA and sucrose. Blogas
productlion started Immedlately.

Flg. 3 shows the relatlonshlip between HRT and the efficlency
of COD removal for the 4 reactors. The curves present the typlcal
proflie for thls type of work, with a good ciumping of the experimentai
data. The efflciency of COD removal keeps constant (94%) over a range
of COD values, but at HRT beiow 12 hours, the efflciency rapldiy
decreased to get a value of 52X at a HRT of 2 hours. Furthermore, In
terms of loading rates, the efficliency of COD removal decreases
markedly for organic loading rates superlor to 15 kg COD/m3.d, at 60 kg
cob/m3 .d the efflciency decreases to 52% (Fig. 4).

The pH at the Inlet of the reactors was 6.5, and at the outiet
was of 8.2 for high HRT and 7.8 for HRT beiow 12 hours. This relatlively
low pH of the feed did not affect the efflcliency of the process.

The maximum gas production per voiume of reactor was 18.3 1/1.d
(at standard condlitlons) and was reached for the reactor F.F. 1 at a
organic space loading rate of 60 kg COD/m3.d. The average methane
content was 52%.

The amount of sludge and the volumetric index (svl), were
determined for UASB 2. The reactor contalned 9.73 g of TSS with a VSS
content of 46X , the volumetric index was 37 ml/g. WIith a volume of
360 ml the sludge represented 8% of the reactor total volume.

At the end of thls study, the real HRT were determined In both
filxed film reactors (F.F. 1, F.F. 2) by using tracers. The reactors
were operated at a theoritical HRT (space time) of 8.7 h. The results
were ajusted to a hydraullc model: J reactors in serles wlth dead-space
and J reactors In serles with dead-space and hydrauillc short-circuit.
From the experimental and the a)usted curves (Flg.5), 1t Is shown that
the real HRY were markediy lower than the theoretical values, which
means there |Is a high percentage of dead spaces. From the hydrauiic
model which fits better the experimental data for F.F. 2, a great part
of the reactor can be considered as afected by a short-circult. At the
end of the experimental work, In order to determine the dlispilaced
volume by the accumulated bloflim, the fixed flim reactors were
emptled. The flnal liquld volumes obtained In F.F. 1 and F.F. 2 were
3.35 1 and 2.5 | respectively. At the beginning of the experiment, the
useful volume was 4.75 | for each reactor. For both reactors, the
bioflIm can be consldered as a dead space. For F.F. 2, the decrease of
nearly 50X of the useful volume can explaln the Important short-
clircult.

DISCUSSION.
START-UP.
The methanogenic bacterla did not show any activity during the

first 3 months, probably because the redox potentlal was not
appropr late: no reducing agent was used In the feed. The addlition of
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sucrose allows facultative anaerobes to use the dissolved oxygen. Slince
some sucrose was added from the beginning to the reactors Inoculated
with adapted activated sludge (UASB and F.F. 2), It Is not posslible to
state which Inoculum is better to start-up the reactors. Nevertheless,
Welmin et al. (1987) found that the activated sludge contalned a great
number of methanogenic bacteria (10 /g SS); furthermore, It is known
that methane productlon by the rumen Is not based on the acetoclastic
reactlon, contrarlly to Industrial anaeroblc digestor (Hobson,1982),
and that rumen bacterla have very speciflc nutritional requirements,
which makes difflicult thelr cuitivation without growth factors. |In
another hand, the texture of both Inocula was different . The fresh cow
manure (ochre color), contalned a great amount of small flbers of very
low density which were not retalned by the 0.96 mm mesh and which fiow
out of the reactor durlng the start-up perlod, increasing the amount of
VSS and the COD In the effluent; In return, the activated siudge from
the secondary settier (black color) already presented evidences of
small granules (0.5 mm of diameter). The particulate structure of thls
sludge might provide good resistance to environmental changes, such as
oxlgen concentration and redox potential. Upon these consliderations, it
might appear more advisable to use activated siudge as an inoculum for
anaeroblc reactors.

OPERATION AND EFFICIENCY.

Both types of reactors present similar efficlency, then economic
conslderations wlll make the difference In treating concentrated waste
waters. As a matter of fact, the UASB reactor would be more economic,
since It does not requlre any packing. This will not be valid to treat
dliluted waste waters, such as municlpal waste waters, at temperatures
below 20° C, In thls case differences migth appear between the two
processes (Noyola et al, 1988). However, It must be noted that others
selection criterions should be taken Into account, such as speclai
characteristics of the effluent to be treated. Iin thls respect, Parkin
and Speece (1983) reported a greater reslistance to toxlc compounds for
anaerobic fiiter than for stirred anaeroblc reactors.

BIOMASS CONTENT .

Sludge content in the UASB 2 was determined when It was operated
at a organic load of 9.9 Kg COD/m>.d with an efficiency of 94%. The
rate of COD removal per kg VSS.d (rx) was caiculated: rx= 9.3 Kg COD/Kg
vVSS.d. Which |Is closed to the maximum rate reported by Henze and
Harremoes (1983) (13 Kg COD/Kg VvSS.d). Thls rate iIs valld If oniy the
totailty of the VSS fraction is composed of 100X active methanogenic

bacteria. |If there are others groups of bacteria, 1like It occurs when
the feed and Inoculum are complex, the VSS wlll Include - all the
different 1types of bacterla, this will reduce the value of rx max to’

approxImately 1 Kg COD/Kg VvSS.d, this value Iis often reported In the
Ilterature (Lettinga et al., 1980; Henze and Harremoes, 1983; Kennedy
and Droste, 1986; Wu et al., 1987). Furthermore, LIn et al. (1986),
reported a rx max of 17,6 Kg COD/Kg VSS.d with a stlrred anaeroblc
reactor feeded with a mixture of acetate, proplonate, butyrate (2:1:1).
These authors conciuded that the metanogenic consortlium had a rx max
higher, when It Is fed with a mixture of volatile fatty aclds Instead
of the Individual components of the mixture. Iin our work, the carbon
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source of the feed allowed the acetogenic microfiora (wlith propionate)
and methanogenic microflora (wlth acetate and hydrogen) to grow. The
close syntrophic relationship between these 2 groups of bacterla makes
the acetogenic microfiora unable to grow without the hydrogenophllic
methanogens (Mcinerney and Bryant, 1981). Then, this strict
interdependency of the microblal groups of the sliudge reactor, makes
possible to admlt that both groups of microorganisms behave as a
methanogenic whole. The rate of substrate consumption found, allows us
to think that the VSS content was nearly saturated. The speclflc rate
of methane productlion was 3.46 1/g VSS.d (standard conditions), which
permits to calculate a value of 0.37 | CH,/g COD removed. This |Is
simllar to the one proposed by McCarty (1964) (0.35 1/g COD). This
speclflic rate Is higher than those proposed In the |lterature for the
acetoclastic methanogenic bacteria: 1 | CH,/g VSS.d (Vvaicke and
Verstraete, 1983), 3.02 | CH, / g VSS.d (Lawrence and McCarty, 1969).
But In our study, we must consider that methane was produced from both
acetate and proplonate (through acetate and hydrogen). A stoechiometric
calculation based on UASB 2, give the contribution of each substrate to
the methane production: 71% from the added acetate, 17X from the
acetate produced from propionate and 12% from the hydrogen, (then 29%
from the proplonate). From what It can be caliculated that the
acetoclastic methanogenic bacteria account for 3.04 | of CH, of the
total speclflic rate of methane production, this value Is simllar to
that reported by Lawrence and McCarty (1969).

From the previous conslderatlions, It can be stated that the
blomass of UASB 2 presented a high methanogenic activity, and that
nearly 100X of the VSS was an active methanogenic blomass. Thls Iis In
agreement with one of the characteristics of the UASB reactor, which is
the selectlon of a highly active granuiar biomass (Lettinga et al,
1980).

With respect to the fixed film reactors, the Iimmoblllzed
blomass can be estimated Indirectly by determining the ilquid voiume In
the reactor; before the Inoculation and at the end of the experiment.
The calcuiated biofiim thickness for FF1 and FF2 were 1.33 mm and 2.14
mm respectively. |If we used the superficial density glven by Kennedy
and Droste (1986) (0.116 kg VSS/m*) for a biofilm thickness of 2.6 mm,
applyilng a correction factor which considers the thickness as directly
proportionai to the density, It is found a total content of VSS of 62,3
g for FF1 and 100.3 g for FF2. The specuiative character of thls kind
of <calculations prevents to make deflnitive conclusions, but can be
used as a base for comparisons with the UASB reactors.

Usilng the last set of data of operatlon for each flxed fiim
reactor (flg. 3 and 4):(i) FF1: 60 kg COD/m*3.d, HRT: 2 h, efflicliency:
52.5% ; (ll1) FF2: 31.52 kg COD/m*3.d, HRT: 4 h, efficlency:68.5% , It
was possible to caiculate the foliowing rx (Kg COD/g VSS.d): 2.37
(FF1), 1.02 (FF2) and the rates of methane production (I CH /g VvSS.d):
0.73 (FF1), 0.27 (FF2). According to these values, the fixed fiim
reactors had accumulated a biomass of low activity. However, tracers
experiments (Flg. 5) shown the exlstence of numerous dead-spaces and
short-clrcuits in these reactors. As a consequence, the reai HRTs and
amount of irrigated blomass must be Inferior to the vaiues previousiy
caiculated. On thls basis, the specific rates of COD consumption and
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methane production might be greater, taking into account only the VSS
fraction of the active part of the fixed fiim reactors.

Therefore, not oniy the effiuent distribution must be made
properly at the bottom of the UASB reactor (Lettinga et ai, 1980,
1982), but the same care must be taken for the upfiow fixed film
reactors: the canals which are formed In the packing materlal generate
dead-spaces and short—circuits, furthermore the gas bubbles produced an
effect of upward pumping, which increases the possibllities of short-
circult.

CONCLUSION.

Both type of reactors present simliar and satisfactory
efficlencles wlith respect to COD consumption at organic ioads up to 15
kg DCO/m“3.d.

An highly actlive bliomass was obtalned with the UASB reactor.
However, efficiencles of the fixed fiim reactors should be Increased If
a good process design is used, such as an efficlient liquid distribution
at the reactor bottom. The reactor packing favours the formation of
dead-spaces and short-circults. Economical calculations and substrate
specificlty (e.g. toxlicity) wiil command the choise of the process
which wili be used for a determined application.

ACKNOWLEDGEMENT .

This work was granted by O0.E.A. (program: "fueis by
fermentation®) and CONACYT and was a part of a collaborative research
program between UAM—i and ORSTOM (institut Francais de Recherche
Scientifique pour Ile Developpement en Cooperation). We thanck the
valuable technical assistance of Juana qunandez.

REFERENCES.

Arlas A. and Noyia A. 1988 Tratamiento de un agua residual
urbana mediante el reactor anaeroblo de lecho de iodos (UASB). San Luls
Potosli, Mexlico. 1In “Avances en ingenierlia quimica 1987" p. 477-483.
Leyva R., Medellin F. and Navarro J. (ed.).

APHA (1980) Standard methods for the examination of water and
waste water, 15th edition.

Bachmann A., Beard V.L. and McCarty P.L. 1985 Performance
characteristics of the anaerobic baffied reactor. Water Research 19,
99-106.

Henze M. and Harremoes P. 1983 Anaerobic treatment of wastewater
in fixed fiim reactors - A literature review. Water Science and
Technology 15, 1-101.



[

Hobson P.N. 1982 The microblology of the rumen and anaerobic
digesters. Memorlas del Simposio Avances en Digestion Anaerobla:
Combustibles por Fermentaclon. UAM-1/ICAITI, Mexico.

Hulshoff Poi L. and Lettinga G. 1986 New technologles for
anaerobic waste water treatment, Iin Anaeroblc Treatment in Troplcal
countrlies, Post—-Conference International Seminar, IAWPRC Sao Pauio, 30—
46.

Jimenez B. Noyoia A. and Capdeville B. 1988 Selected dyes for
residence tlime distributlon evaluation In bloreactors. Blotechnolgy
Technlques 2, 77-82.

Khan A.W., Trottier T.M., Patei G.B. and Martin S.M. 1979
Nutrlent requlrement for the degradation of celiiulose to methane by a
mixed population of anaerobes. Journai of General Mlicroblology 112,
365-372.

Kennedy K.J. and Droste R.L. 1986 ‘Anaerobic flxed-flim
reactor treating carbohydrate wastewater. Water Research. 20, 685-695.

Lettinga G., Van Velsen A.F.M., Hobman S.W.,  de Zeeuw W. and
Klapwl Jk A. 1980 Use of the upfiow sludge blanket (USB) reactor concept
for biological wastewater treatment, especlally for anaeroblic
treatment. Blotechnolgy Bloengineering. 22, 699-734.

Lettinga G., de Zeew W.J., Hulshoff Pol L.A., Hobma S.W., Grin
P.C., Wiegant W.N., Van Velsen A.F.M. and Koster 1.W. 1982 Anaeroblc
wastewater treatment using the UASB treatment process. Memorias del
Simposlo Avances en Digestion Anaerobla: Combustibies por Fermentaclon,
UAM—1/ICAIT1, Mexlco.

Levenspiel 0. 1972 Chemlical reaction engineering. 2nd editlon,
John Wiley and Sons, New-York, 578 pp.

Lawrence A.L. and McCarty P.L. 1969 Klinetics of methane
fermentation In anaerobic treatment. Journal of Water Polliutlon Controi
Federatlion. 41, R1-R7.

Lin C.Y., Sato K., Nolke T. and Matsumoto J. 1986 Methanogenic
digestion using mixed substrate of acetic, proplonic and butyric aclds.
Water Research. 20, 385-394.

Mejla G.M. and Magana A.H. 1986 Digestion anaerobica de aguas
reslduaies de granjas porcicolas, en "los Iimites del deterloro
ambliantal“. Memorlas del V Congreso Naclonal de Ingenieria Sanitaria y
Amblantal, SMISAAC. 136-140.

McCarty P.L. 1964 Anaerobic wastewater treatment fundamentals.
Public Works. vol.95: No 9, 107-112; No 10, 123-126; No 11, 91-94; No
12, 95-99.



76

Mclinerney M.J. and Bryant M.P. 1981 Basic principles of
bioconversions In anaerobic digestlon and methanogenesis, In "Blomass
Converslon Processes for Energy and Fuels”. Sofer S.S. and Zaborsky
0.R. (ed.). Plenum Publlishing Corporation, 277-296.

Noyola A. 1986 La digestlion anaerobla apilicada al tratamlento de
aguas residuales a nlvel Individual y semicolectivo, en “"los limltes
del deterloro amblantal®. Memorias del V Congreso Nacional de
ingenlerla Sanltarlia Y Amblantal, SMISAAC. 131-135.

Noyola A., Capdeviile B. and Roques H. 1988 Anaeroblc treatment
of domestic sewage wlith a rotating stationary flixed flim reactor. Water
Research (In press).

Parkin G.F. and Speece R.E. 1983 Attached versus suspended growth
anaerobic reactors: Response to toxic substances. Water Sclence and
Technology. 15, 261-289.

ParkIin G.F., Speece R.E., Yang C.H.J. and Kocher W.M. 1983
Response of methane fermentation systems to Industrial toxicants.
Journai of Water Pollutlon Controi Federatlon.55, 44-55.

Poggl H. and Medina G. (1986) Estabilizaclon de lodos en un
processo de aita tasa, en "los lIimites dei deterioro amblantal®™.
Memor las del V Congreso Nacional de ingenleria Sanitaria y Amblantal,
SMISAAC. 71-74.

Sanchez Rlera F., Cordoba P. and Slneritz F. 1985 Use of the UASB
reactor for the anaeroblc treatment of stillage from sugar cane
molasses. B!gtechnology and Bloengineering. 27, 1710-1716.

Segura J. 1983 La fermentation methanique et 1[°‘epuration.
Biofutur, fevrier, 47-52.

Speece=R.E. (1983) Blotechnology for anaeroblic waste treatment.
Environmental Science and Technoiogy. 17, 416A—-427A.

Switzenbaum M.S. and Jewell W.). 1980 Anaerobic attached-fiim
expanded bed-bed reactor treatment. Journal of Water Pollution Control
Federation. 52, 1953-1965.

Switzenbaum M.S., Sheenan K.S. and Hickey R.F. 1984 Anaeroblc
treatment of primary effluent. Environmental Technology Letters. 5,
189-200.

Talt S.J. and Friedman A.A. 1980 Anaerobic rotating biologlcal
contactor for carbonaceous wastewaters. Journal of Water Pollutlon
Control Federatlon. 52, 2257-2269.

Valcke D. and Verstraete W. 1983 A practical method to estImate
the acetoclastic methanogenic blomass In anaeroblc sludges. Journal of
Water Pollutlon Control Federatlon. 55, 1191-1195.



77

vVan Den Berg L. and Lentz C.P. 1979 Compar ison between up- and
down-flow anaerobic flixed fim reactors of varylng surface to volume
ratio for the treatment of bean blanching waste, In "Proceeding of the
34th Purdue Industrial Waste Conferences”, 319-325.

vVan Den Berg L., Lentz C.P. and Armstrong D.W. 1980 Anaeroblc
waste trestment efficlency comparisons between fixed film reactors,
contact digesters and fully mixed, continuously fed dligesters, In
"Proceeding of the 35th Purdue Industrlal Waste Conferences", 788-793.

Vielra S.M. and Souza M.E. 1986 Developpement of technology
for the use of the UASB reactor In domestic sewage treatment, In
"Anaeroblc¢c treatment In troplcal countrles” post-conference
internatlional seminar, |AWPRC Sao Paulo, 106-119.

Wu W., Hu J., Zhao Y., Khang H. and Gu G. 1987 Cultivatlion of
anaeroblc granular sludge In UASB reactors wlth aeroblc activated
sludge as seed. Water Research. 21, 789-799.

Young M., Betancourt N., Dlego M.E. and Mercado G. 1987
Evaluacion de un filltro anaeroblo para el tratamlento de las aguas
residuales de 1los beneficlos de cafe, en “Memorlas del Congreso
Nacional®, AMCCAA, B.2.6.

Young J.C. and McCarty P.L. 1969 The ahaeroblc flilter for waste
treatment. Journal of Water Pollutlion Control Federatlon. 41, 160-173.





