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ABSTRACT.

The Upflow Anaerobie Siudge Blanket (UASB ) and the flxed film
reactors (F.F.) had been compared at the laboratory scale. uslng a
synthetlc wastewater as effluent contalnlng acetlc and proplonlc aclds
as substrates. The UASB reactor developed an hlghly active blomass: 9.3
Kg COD/Kg VSS.d for substrate consumptlon and 3.46 1 CH,/g VSS for
methane production. Such specifie rates Indlcate the reactor was
operated near saturation wlth a hlgh COD removal efflclency (94%). The
determlnatlon of the VSS content of the flxed fi lm reactor allows to
calculate lower rates. Both reactors were able to treat efflclently
thls type of effluent up to volumetrie organlc loads of 15 Kg COD/m3 .d.
The scallng up of both reactors wl Il have to look carefully for an
approprlate 1 IQuid distribution at the reactor bottom.
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INTRODUCTION.

The advances performed ln the field of anaeroblc digestion over
the last decade, has transformed thls technique to treat urban and
industrial waste waters, Into an attractive alternative (Speece, 1983).

The number of unlts to process anaeroblcal Iy Industrlal waste
waters has Increased qulckly ln Europe (Hulsoff Pol et !!' 1988; Segura
1983). In Brazl 1 (Vieira and Souza,1986) and Colombla It Is Intented to
applled the avanced anaeroblcreactors to the treatment of urban waste
waters. In Mexico, ln splte of the numerous advantages of these
process, there are very few experlmental works were done wlth them
(Mejla and Magafia, 1986; Monroy and Noyola, 1986; Young et ~, 1987).

This work presents the experlmental results obtalned at
laboratory scale, wlth the fol lowlng anaeroblc reactors: upflow sludge
anaeroblc blanket (UASB) dlgestor and tubular flxed fi lm (F.F) reactor.
These reactors will be fed wlth a synthetlc waste water. These process
fulfll the requlrements for belng applled at Mexico, and they have
proved to be operatlve ln others developlng countrles. However, ln
splte of thelr Industrlal development, It Is stl Il necessary to perform
Intensive research efforts, to understand the complexlty of the
mlcroblal relatlonshlp whlch together wlth reactor design determlne
thelr efflclency. Partlcularly, the production and the control of wei 1
adapted anaeroblc Inoculum Is stl Il a major problem, malnly ln relation
wlth the production of granular sludge and degradatlon of recalcltrant
compounds.

This study Is a part of a larger research program, whlch tries to
deflne an approprlate technology, whlch will be used to face up to the
problem of water pollution ln Mexico.

MATERIAL AND METHODS.

EXPERIUENTALSET-L1P.

The experlment had been performed uslng 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 wlth acrl 1Ic columns of 9.6 cm of dlameter and 1 m
of he Ight.

The UASB reactors (UASB 1 and UASB 2) (Fig. 1a) have an useful
volume of 4.5 It. The flxed film reactors (F.F 1 and F.F 2) (Fig. 1b)
were packed wlth PVC tublng (1/2'dlameter) and contalned each 21
tublngs of 67 cm of helght, wlth a relatlonshlp area/volume of 221 m2

1m3
• The F.F. reactors had an useful volume of 4.75 It. The reactors

had been fed uslng perlstaltlc pumps and a synthetlc waste water
contalnlng acetate and proplonate as substrates (Table 1). The gas was
collected ln columns filled wlth an acldlfled brlne .

START-UP.

Two
actlvated

dlfferent Inocula were used: a fresh cow manure and an
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 l, the actlvated sludge was used for UASB 2 and F.F. 2. Both
Inocula were adapted anaeroblcally: the fresh cow manure was allowed to
stay one month ln the Khan et al. (1979) medium, and the actlvated
sludge was processed accordlng-to Arias and Noyola (1987). In both case
2 1 of sleved Inoculum (mesh. 0.96 mm) and 2 1 of synthetlc medium
(Table 1) were Introduced ln the reactors and reclrculated 10 days. At
the end, the F.F. reactors were purged to remove the sludge ln excess.

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

COUPOUNDS

CH3 COONa
CH] CH2 COOH
NH 4CI
NaHC03
( NHd2 SÛt.
K2HPO,
KH2P0J,
CaCI2 ·2H20
UgCl z •6Hz 0
FeS04· 7H20
Ua, Un, Cu, Zn, AI, NI, Co
tap water
COD

OPERATION OF THE REACTORS.

CONCENTRAT ION

5 gll
1 mlll

660 mg/I
600 mg/I
250 mg/I
130 mgll
100 mgll
200 mg/I
100 mg/I

14 mgll

5 to 5.2 g/I

Varlous hydraul le retentlon tlmes (HRT) were appl led from 72 h to
2 h. The fol lowlng parameters were determlned: pH, chemlcal oxygen
demand (COD), gas production and composition, and the sludge volumetrie
Index (svl) accordlng to the manual of Standard Methods (APHA, 1980).
The gas was- anallzed by gas chromatography. The real HRT was
determlnated by a tracers technique (Levensplel, 1972) uslng
bromocresol green and spectrophotometry (617 nm) (Jlmenez et al.,
1988). - --

RESULTS.

The start-up of the four reactors was Inlclated at hlgh HRT,
whlch was decreased after reachlng each tlme the steady state. The
steady state was consldered establlshed when the parameters kept
constant over at least 5 TRH.

The reactors UASB 1 and F.F.l. Inoculated wlth fresh cow manure.
dld not present methanogenlc actlvlty durlng the flrst three months of
contlnuous feedlng. For that reason a very small amount of sucrose (500
mg/I) was added to the synthetlc waste water, ln order to allow
facultative anaerobes to use the dlssolved oxygen, and then to reduce
the redox potentlal ln the reactor. This modification resulted ln a
rapld Increased ln the methane production. reachlng a stable level ln
one month for UASB 1 and two months for F.F.l (Fig. 2). UASB 2 and
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F.F.2 were Inoculated wlth adapted actlvated sludge.
beglnnlng of the start-up wlth the mixture of VFA and
production started Immedlately.

and fed slnce the
sucrose. Blogas

Fig. 3 shows the relatlonshlp between HRT and the efflclency
of COD removal for the 4 reactors. The curves present the typlcal
prof 1le for thls type of work. wlth a good clumplng of the experlmental
data. The efflclency of COD removal keeps constant (94%) over a range
of COD values. but at HRT below 12 hours. the efflclency rapldly
decreased to get a value of 52% at a HRT of 2 hours. Furthermore. In
terms of loadlng rates. the efflclency of COD removal decreases
markedly for organlc loadlng rates superlor to 15 kg COD/mJ.d. at 60 kg
COD/m3 .d the efflclency decreases to 52% (Fig. 4).

The pH at the Inlet of the reactors was 6.5. and at the out let
was of 8.2 for hlgh HRT and 7.8 for HRT below 12 hours. This relatlvely
low pH of the feed dld not affect the efflclency of the process.

The maximum gas production per volume of reactor was 18.3 1/1.d
(at standard conditions) and was reached for the reactor F.F. 1 at a
organlc space loadlng rate of 60 kg COD/m 3 .d. The average methane
content was 52%.

The amount of sludge and the volumetrie Index (svl).
for UASB 2. The reactor contalned 9.73 g of TSS wlth a

46%. the volumetrie Index was 37 ml/g. Wlth a volume
sludge represented 8% of the reactor total volume.

determlned
content of
360 ml the

were
VSS
of

At the end of thls study. the real HRT were determlned ln both
flxed fi lm reactors (F.F. 1. F.F. 2) by uslng tracers. The reactors
were operated at a theorltlcal HRT (space tlme) of 8.7 h. The results
were aJusted to a hydraul le model: J reactors ln series wlth dead-space
and J reactors ln series wlth dead-space and hydraul le short-circuit.
From the experlmental and the aJusted curves (Flg.5). It Is shown that
the real HRTwere markedly lower than the theoretlcal values. whlch
means there Is a hlgh percentage of dead spaces. From the hydraullc
mode 1 whlch flts better the experlmental data for F.F. 2. a great part
of the reactor can be consldered asafected by a short-circuit. At the
end of the experlmental work. In order to determlne the dlsplaced
volume by the accumulated blofl lm. the flxed fi lm reactors were
emptled. The final 1IQuid volumes obtalned ln F.F. 1 and F.F. 2 were
3.35 1 and 2.5 1 respectlvely. At the beglnnlng of the experlment. the
useful volume was 4.75 1 for each reactor. For both reactors. the
blofl lm can be consldered as a dead space. For F.F. 2. the decrease of
nearly 50% of the useful volume can explaln the Important short­
circuit.

DISCUSSION.

START-UP.

The methanogenlc bacterla dld not show any actlvlty durlng the
flrst 3 months. probably because the redox potentlal was not
approprlate: no reduclng agent was used ln the feed. The addition of
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sucrose al lows facultative anaerobes to use the dlssolved oxygen. Since
some sucrose was added from the beglnnlng to the reactors Inoculated
wlth adapted actlvated sludge (UASB and F.F. 2), It Is not possible to
state whlch Inoculum Is better to start-up the reactors. Nevertheless,
Welmln et al. (1987) found that the actlvated sludge contalned a great
number or-methanogenlc bacterla (10 /g SS); furthermore, It Is known
that methane production by the rumen Is not based on the acetoclastlc
reactlon, contrarlly to Industrlal anaeroblc dlgestor (Hobson,1982),
and that rumen bacterla have very speclflc nutrltlonal requlrements,
whlch makes dlfflcult thelr cultlvatlon wlthout growth factors. In
another hand, the texture of both Inocula was dlfferent . The fresh cow
manure (ochre color), contalned a great amount of small flbers of very
low denslty whlch were not retalned by the 0.96 mm mesh and whlch flow
out of the reactor durlng the start-up perlod, Increaslng the amount of
VSS and the COD ln the effluent; ln return, the actlvated sludge from
the secondary settler (black color) already presented evldences of
small granules (0.5 mm of dlameter). The partlculate structure of thls
sludge mlght provlde good reslstance to envlronmental changes, such as
oxlgen concentration and redox potentlal. Upon these considerations, It
mlght appear more advlsable to use actlvated sludge as an Inoculum for
anaeroblc reactors.

OPERATION AND EFFICIENCY.

Both types of reactors present slml lar efflclency, then economlc
considerations wl Il make the dlfference ln treatlng concentrated waste
waters. As a matter of fact, the UASB reactor would be more economlc,
slnce It does not reQulre any packlng. This will not be val Id to treat
dlluted waste waters, such as municipal waste waters, at temperatures
below 20D~, ln thls case dlfferences mlgthappear between the two
processes (Noyola et!!, 1988). However, It must be noted that others
selection crlterlons should be taken Into account, such as special
characterlstlcs of the effluent to be treated. In thls respect, Parkln
and Speece (1983) reported a greater reslstance to toxlc compounds for
anaeroblc f-ttter than for stlrred anaeroblc reactors.

BIOMASS co~rENT~

Siudge content ln the UASB 2 was determlned when It was operated
at a organlc load of 9.9 Kg COD/m).d wlth an efflclency of 94X. The
rate of COD removal per kg VSS.d (rx) was calculated: rx- 9.3 Kg COD/Kg
VSS.d. Whlch Is closed to the maximum rate reported by Henze and
Harremoes (1983) (13 Kg COD/Kg VSS.d). This rate Is valld If only the
totallty of the VSS fraction Is composed of 100X active methanogenlc
bacterla. If there are others groups of bacterla, Ilke It occurs when
the feed and Inoculum are complex, the VSS will Include - ail the
dlfferent types of bacterla, thls will reduce the value of rx max to'
approxlmately 1 Kg COD/Kg VSS.d, thls value Is often reported ln the
Iiterature (Lettlnga et~, 1980; Henze and Harremoes, 1983; Kennedy
and Droste, 1986; Wu et ~, 1987). Furthermore, Lin et ~ (1986),
reported a rx max of 17,6 Kg COD/Kg VSS.d wlth a stlrred anaeroblc
reactor feeded wlth a mixture of acetate, proplonate, butyrate (2:1:1).
These authors concluded that the metanogenlc consortium had a rx max
hlgher, when It Is fed wlth a mixture of volatile fatty aclds Instead
of the Indlvldual components of the mixture. In our work, the carbon
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source of the feed allowed the acetogenlc mlcroflora (wlth proplonate)
and methanogenlc mlcroflora (wlth acetate and hydrogen) to grow. The
close syntrophlc relatlonshlp between these 2 groups of bacterla mates
the acetogenlc mlcroflora unable to grow wlthout the hydrogenophl 1Ic
methanogens (Mclnerney and Bryant, 1981). Then, thls strict
Interdependency of the mlcroblal groups of the sludge reactor, mates
possible to admit that both groups of mlcroorganlsms behave as a
methanogenlc whole. The rate of substrate consumptlon found, al lows us
to thlnt that the VSS content was nearly saturated. The speclflc rate
of methane production was 3.46 I/g VSS.d (standard conditions), whlch
permlts to calculate a value of 0.37 1 CH,/g COD removed. This Is
slmllar to the one proposed by McCarty (1964) (0.35 I/gCOO). This
speclflc rate Is hlgher than those proposed ln the 1Iterature for the
acetoclastlc methanogenlc bacterla: 1 1 CH,/g VSS.d (Valcte and
Verstraete, 1983), 3.02 1 CH, 1 g VSS.d (Lawrence and McCarty, 1969).
But ln our study, we must conslder that methane was produced from both
acetate and proplonate (through acetate and hydrogen). A stoechlometrlc
calculatlon based on UASB 2, glve the contribution of each substrate to
the methane production: 71% from the added acetate, 17% from the
acetate produced from proplonate and 12% from the hydrogen, (then 29%
from the proplonate). From what It can be calculated that the
acetoclastlc methanogenlc bacterla account for 3.04 1 of CH, of the
total speclflc rate of methane production, thls value Is slml lar to
that reported by Lawrence and McCarty (1969).

From the prevlous considerations, It can be stated that the
blomass of UASB 2 presented a hlgh methanogenlc actlvlty, and that
nearly 100% of the VSS was an active methanogenlc blomass. This Is ln
agreement wlth one of the characterlstlcs of the UASB reactor, whlch Is
the selection of a hlghly active granular blomass (Lettlnga et !!,
1980).

Wlth respect to the flxed-fl lm reactors, the Immobillzed
blomass can be estlmated Indlrectly by determlnlng the Ilquld volume ln
the reacto~ before the Inoculation and at the end of the experlment.
The calculated blofl lm thlctness for FF1 and FF2 were 1.33 mm and 2.14
mm respectlvely. If we used the superflclal denslty glven by Kennedy
and Oroste (1986) (0.116 kg VSS/m3 ) for a blofllm thlckness of 2.6 mm,
applylng a correction factor whlch conslders the thlckness as dlrectly
proportlonal to the denslty, It Is found a total content of VSS of 62,3
g for FF1 and 100.3 g for FF2. The speculative character of thls klnd
of calculatlons prevents to make deflnltlve conclusions, but can be
used as a base for comparlsons wlth the UASB reactors.

Uslng the last set of data of operation for each flxed film
reactor (fig. 3 and 4):(1) FF1: 60 tg COO/m A 3.d, HRT: 2 h, efflclency:
52.5%; (II) FF2: 31.52 tg COO/m A 3.d, HRT: 4 h, efflclency:68.5% , Il'
was possible to calculate the fol lowlng rx (Kg COO/g VSS.d): 2.37
(FF1), 1.02 (FF2) and the rates of methane production (1 CH Ig VSS.d):
0.73 (FF1), 0.27 (FF2). Accordlng to these values, the flxed film
reactors had accumulated a blomass of low actlvlty. However, tracers
experlments (Fig. 5) shown the existence of numerous dead-spaces and
short-circuits ln these reactors. As a consequence, the real HRTs and
amount of Irrlgated blomass must be Inferlor to the values prevlously
calculated. On thls basls. the speclflc rates of COD consumptlon and
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methane production mlght be greater. taklng Into account only the VSS
fraction of the active part of the flxed film reactors.

Therefore. not only the effluent distribution must be made
properly at the bottom of the UASB reactor (Lettlnga et !!. 1980.
1982). but the same care must be taken for the upflow flxed fi lm
reactors: the canals whlch are formed ln the packlng mater lai generate
dead-spaces and short-circuits. furthermore the gas bubbles produced an
effect of upward pumplng. whlch Increases the posslbl 1Itles of short­
circuit.

CONCLUSION.

type of reactors present slmllar and satlsfactory
wlth respect to COD consumptlon at organlc loads up to 15

An hlghly active blomass was obtalned wlth the UASB reactor.
However. efflclencles of the flxed film reactors should be Increased If
a good process design Is used. such as an efficient Ilquld dlstrlbut~on

at the reactor bottom. The reactor packlng favours the formation of
dead-spaces and short-circuits. Economlcal calculations and substrate
speclflclty (e.g. toxlclty) will command the cholse of the process
whlch will be used for a determlned application.
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