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Abstract

This paper describes a validation procedure applied for an on-line titrimetric analyzer (AnaSense®-Anaerobic
Control Analyzer) prototype designed to detect of volatile fatty acids (VFA) and alkalinity (bicarbonate). The
AnaSense® analyzer was recently developed under the framework of the TELEMAC European Project. A pi-
lot-scale evaluation of the analyzer was carried out in an anaerobic wastewater treatment plant, in a hybrid
Upflow Sludge Bed Filter (USBF) reactor with an overall volume of 1.15 m>. The sensor uses two methods, both
based on two-point titrimetric analyses, for determining VFA and alkalinity concentration. AnaSense® per-
formed on-line monitoring of VFA (13-4,900 mg - L) and bicarbonate (2.5-49.5 mEq - L), and demonstrated
sufficient accuracy for both VFA and bicarbonate detection. Intermediate Alkalinity/Total Alkalinity (IA/TA)
and Intermediate Alkalinity/Partial Alkalinity (IA/PA) ratios were also evaluated to test the suitability of the

sensor for anaerobic digestion process control.
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Introduction

AN ANAEROBIC WASTEWATER TREATMENT (AWT) process is
characterized by the complete conversion of organic
pollutants in the wastewater into a mixture of gaseous
products such as CHy, CO,, Hy, and H,S (Vanrolleghem
and Lee, 2003). For wastewater containing mainly
monomeric organic pollutants there are three steps in the
conversion process: acidogenesis, acetogenesis, and
methanogenesis (Henze and Harremoés, 1983). Organic
matter is converted into organic volatile acids (mainly
acetic, propionic, butyric, and valeric) during acidogene-
sis. In the acetogenesis step, volatile acids longer than two
carbons are converted to acetic acid, CO,, and H,, which
in turn, become CH,4 through methanogenesis (Speece,
1996). These process steps must be well balanced to pre-
vent volatile fatty acid (VFA) accumulation and thus to
avoid a sudden drop in system pH, which may lead to com-
plete failure of the conversion process (Gujer and Zehn-
der, 1983; Switzembaum et al., 1990; Ahring et al., 1995; Tay
and Zhang, 2000; Lahav et al., 2002a; Steyer et al., 2006).
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Successful operation of anaerobic process depends, among
other operational parameters and conditions, on maintain-
ing a system pH between 6.6 and 7.4 (Moosbrugger et al.,
1992; Lahav et al., 2002b). Alkalinity depends on the relative
concentrations of several compounds, such as carbonate /bi-
carbonate, phosphate, ammonia, and VFA, which impart
buffer capacity. Bicarbonate and VFA are the main contrib-
utors to buffer capacity in the anaerobic digestion process
(Hawkes et al., 1994).

McCarty (1964) proposed the use of alkalinity as a key pa-
rameter for anaerobic process control. A decrease in alka-
linity is directly linked to an increase in VFA concentration.
Because of this, Ripley et al. (1986) suggested the use of a
partial and intermediate alkalinity ratio as a control param-
eter of the anaerobic digestion process. Titration from the
original sample pH to a pH of 5.75 allows for the determi-
nation of partial alkalinity (PA), which corresponds roughly
to the bicarbonate concentration (Jenkins et al., 1983). On the
other hand, intermediate alkalinity (IA) can be obtained by
a titration from a pH of 5.75 to a pH of 4.30. IA corresponds
to the contribution of VFA to total alkalinity (TA). Finally,
TA can be calculated as the sum of PA and IA. Furthermore,
the IA/TA or IA/PA ratios can be used, together with other
indicators, as an effective control parameter (Ripley et al,
1986, Wentzel et al, 1994; Punal ef al., 2001).

Ripley et al. (1986) tested the suitability of the IA/PA ra-
tio as a process stability index in bench-scale digesters fed



with poultry manure. In this study, an IA/PA ratio of 0.3
was obtained as the optimal value for the successful diges-
tion of poultry manure.

Other researchers (Punal et al, 2001) found that a certain
flexibility around the IA/TA ratio can be acceptable, espe-
cially when operating at a high buffering capacity in terms
of total alkalinity (e.g., above 3 g CaCO3-L™1). In other words,
the IA/TA value indicates, in relative terms, the degree to
which buffering capacity corresponds to VFA concentration.

One successful approach for VFA and bicarbonate mea-
surement may consist of a robust and low cost automatic
titrimetric sensor suitable for industrial processes. Some
researchers have proposed a two or three step titration
analysis (Jenkins et al., 1983; Anderson and Yang, 1992;
Kapp, 1992; Hawkes et al., 1994), while others have devel-
oped a more complex titration analysis. These procedures
include four, five, or eight titration steps, which makes
them less applicable at a full scale (Moosbrugger et al.,
1992; Buchauer, 1998; Lahav and Loewenthal, 2000;
Feitkenhauer et al., 2001; Bouvier et al., 2002; Lahav et al.,
2002a; Lahav and Morgan, 2004). Based on these methods,
on-line analyzers have been developed and used at lab
scale in the last decade (Hawkes ef al., 1994; Guwy et al.,
1994; Bouvier et al., 2002; Vanrolleghem and Lee, 2003).
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However, the application of these on-line sensors at the in-
dustrial scale was not successfully achieved due to their
low robustness and poor performance.

A titrimetric sensor (AnaSense®) was recently developed
for on-line VFA and alkalinity monitoring within the frame-
work of the TELEMAC European Project (Bernard ef al.,
2005). This sensor is currently commercially available (De
Neve and Lievens, 2004); however, a validation procedure
was required before it could be applied at the industrial level
for bioprocess control purposes.

This paper describes the pilot-scale validation procedure
of an AnaSense® on-line sensor prototype using two titri-
metric methods. The validation was carried out using an
anaerobic Upflow Sludge Bed Filter (USBF) operated under
normal conditions and with organic overloads, so as to pro-
duce high VFA accumulation in the digester and a decrease
in bicarbonate concentration. The aim was to assess the an-
alyzer response over a wide range of organic loading rates
(from low to high values of VFA and bicarbonate concen-
trations). The results of the validation were used to improve
the analyzer and select the most appropriate measuring
methodology. The IA/TA and IA /PA ratios were monitored
to evaluate the sensor’s suitability for automatic control of
AWT plants under destabilization processes.

Lol v st s e e e s s

FIG. 1.

Schematic layout of the pilot USBF: 1. Dilution pump; 2. nutrient pump; 3. wastewater pump; 4. dilution water

flow meter; 5. static mixer; 6. Input pH meter; 7. recycling flow meter; 8. output ph meter; 9. input temperature probe; 10.
reactor temperature probe; 11. TOC on-line analyzer; 12. water heater; 13. Hot water pump; 14. heat exchanger; 15. USBF
reactor; 16. CH4 and CO analyzer; 17. gas flow meter; 18. hydrogen analyzer; 19. top pressure probe; 20. Level sensor; 21.
output valve; 22. alkalinity on-line sensor AnaSense®; 23. displays panel; 24. PLC; 25. PC; water and gas lines (continue

line). Data flow (dotted line).
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Materials and Methods
Pilot plant

The pilot plant used for the validation experiments is
based on a USBF. This hybrid digester has an overall vol-
ume of 1.15 m?, with a UASB (Upflow Anaerobic Sludge
Blanket) of 0.85 m? in the lower part and a UAF (Upflow
Anaerobic Filter) of 0.3 m? in the upper part. A high recy-
cling flow rate (200 L - h™') guarantees mixing. The hydro-
dynamics of the reactor can be well described by perfect
mixing tanks in a series model. The behavior closely ap-
proximates a perfect mixing tank (1.2 tanks in series) ac-
cording to a Residence Time Distribution experiment carried
out using an LiCl aqueous solution as a tracer (Ruiz, 2005).

Dilute wine and dextrin solution were used as models of
winery wastewater and rich carbohydrate wastewater, re-
spectively. During validation experiments, the reactor was
fed continuously with dilute wine plus nutrients (nitrogen
and phosphorus) and alkalinity, until it reached a final
COD/Bicarbonate/N/P ratio of 1,000/400/7/1 (Speece,
1996). This type of substrate was selected because of its high
biodegradability since a fast response was desirable when
carrying out organic overloads. Automatic control experi-
ments (start-up and management of an organic overload)
were carried out using a dextrin solution that had final
COD/Bicarbonate/N/P ratio of 1,000/600/7/1.

The on-line monitoring system of the pilot plant included
feed and recycling electromagnetic flow meters (ABB,
COPA-XE and Siemens, 7ME2531), input and output pH
(Cole Palmer, Vernon Hills, IL) and temperature (Pt-100); a
biogas flow meter (Brooks, 3240); an infrared gas analyser
(Siemens, Ultramat 22P, New York) for measuring CHy, CO,,
and CO concentrations in the gas line; a hydrogen gas
analyser (Sensotrans, Sensotox 420) that utilized an electro-
chemical cell; total organic and inorganic carbon (TOC/TIC)
was determined by catalyst oxidation and nondispersive in-
frared (NDIR) CO, detection (Shimadzu, 4100). The signals
from the sensors were recorded every 5 s. Due to the high
stability of the signal, the large time scale of the process, and
hydraulic retention times between 10 and 20 h, an average
moving window of 15 min was selected for filtering these
on-line signals. A more detailed description of the pilot plant
and monitoring system has been given in previous papers
(Fernandez et al., 2001; Ruiz et al., 2001). A flow-sheet of the
pilot plant is shown in Fig. 1.

A microfiltration unit (Atech Innovations, MF 80 nm) with
a 0.8-um pore size was used to supply a suitable sample for
TOC/TIC and AnaSense® analyzers. This filtration unit re-
moved solids from the effluent, thereby avoiding pipe clogs
and protecting the pH sensor. The microfiltration unit was
operated at a maximum pressure of 1 bar and was cleaned
every 48 h. The filtration of effluent samples required ap-
proximately 15 min per sample. This more than acceptable
considering the normal hydraulic retention times of anaero-
bic process are higher than the 10 to 15 h used in this work.

AnaSense® analyzer

The analyzer has two main parts (see Fig. 2). The upper
part is a data processing unit with a PC (touch screen) and
the lower part houses the analysis equipment compartment
(titration vessel, micro burette, pumps, and chemical reser-

FIG. 2. Analyzer front view: 1. Display (touch); 2. mi-
croburette; 3. pH meter electrode; 4. titration vessel; 5. HCl
0.5 N reservoir.

voirs). The AnaSense® operative routine for each analysis be-
gins with the injection of a sample volume of 10 ml into the
titration vessel. Subsequent dosing of the titrate solution
(HC1 0.5 N) is performed by a microburette with a minimum
dosing step of 1 uL. VFA and bicarbonate (Bic) concentra-
tion estimates are carried out using recorded titration curves
which allows for the calculation of PA, IA and TA. After each
analysis, the vessel is drained by a pump so that a new sam-
ple can be analyzed. Carrying out the analysis requires 5 to
10 min, depending of the VFA concentration in the sample.
AnaSense® utilized two methods for VFA and bicarbon-
ate determinations, which we called method 1 and method
2. Method 1 was developed at the INRA (Institut National
de la Recherche Agronomique, France) by the Laboratory of
Environmental Biotechnology (LBE-INRA) (Bouvier ef al.,
2002). It is based on Kapp’s method for the detection of VFA
and is extended for the measurement of bicarbonate (Kapp,
1992). The development of this method was based on a pro-
cedure suggested by McGhee (1968). According to McGhee,
the amount of acid required to titrate a solution containing
only VFA is proportional to the content or concentration of
VFA. The only additional buffer considered in the calcula-
tion of Kapp’s method is the carbonate subsystem
HCO37/CO,, which has a pK, of approximately 6.3. The
method is based on the assumption that the acid required to
titrate a sample from pH 5.0 to pH 4.0 can be considered pro-
portional to the VFAs concentration (Buchauer, 1998).
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Method 2 was developed by AppliTek (AppliTek NV,
Belgium) and is also based on McGhee’s method (1968).
Method 2 was developed in order to provide an accurate
and easy measurement of low VFA concentrations by air
stripping the sample. It was noticed that bicarbonate and
hydrogen sulphide can be stripped from the anaerobic
samples (stripping of the VFA is not representative) at a
pH higher than 5. Afterward, the VFA can be directly mea-
sured by a down-titration from pH 5 to 4 (McGhee’s
method). This approach avoids the interference of bicar-
bonate in VFA determination.

During this experimental work, the routine of mainte-
nance of the AnaSense® analyzer involved pH sensor cali-
bration and twice weekly titration vessel cleaning.

Analytical methods

Reference values of VFA and bicarbonate concentrations
were determined by an on-line total organic and inorganic
carbon (TOC and TIC) automatic analyzer (Shimadzu
TOC-5000, with NDIR detector and sample combustion).
Filtered samples (effluent of micro filtration unit previ-
ously described) were analyzed for the determination of
dissolved inorganic and organic carbon (DIC and DOC, re-
spectively). Bicarbonate concentration was directly com-
puted from the DIC concentration on the assumption that
the entire dissolved inorganic carbon corresponds to bi-
carbonate.

VFA concentrations were estimated from the DOC values
on the assumption that the entire DOC corresponds to VFA
(acetic, propionic and butyric acids). This assumption was
confirmed by the off-line determination of VFA by gas chro-
matography approximately every 50 h. In each control in-
terval, the VFA concentrations estimated from DOC were
compared with values of three to five samples that were an-
alyzed by chromatography. The titrimetric methods used by
AnaSense® give the concentration of VFA expressed as
equivalent acetic acid concentration.
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Validation experiments

Open loop testing. A wide range of Organic Loading Rate
(OLR; from normal to organic overload conditions) experi-
ments were carried out in order to assess the analyzer re-
sponse. With the aim of evaluating the analyzer behavior in
a wide concentration range of both components, two differ-
ent overloads were provoked in the reactor in order to gen-
erate an increase in VFA and a decrease in bicarbonate con-
centration.

The first overload consisted of a combined hydraulic and
organic overload. A feed flow rate of 20 L - h™! and a COD
concentration of 825 g - L™! (OLR of 3.8 kg COD - m3 -
day~!) were used as initial conditions. During the first over-
load (0 to 200 h), the feed flow rate and influent COD were
increased to 100 and 360%, respectively. According to this,
the OLR increased up to a value of 25 kg COD - m 3 day .
In the second overload (200 to 400 h), an OLR of 8 kg COD

m= - day~! was obtained by increasing the influent COD
concentration. Figure 3 shows this experimental evolution.

AnaSense® determined on-line VFA and bicarbonate con-
centrations each hour during the validation process. In par-
allel, the TOC analyzer determined DOC and DIC concen-
trations for the same period of time. Three to five samples
were analyzed off-line by gas chromatography in order to
check the VFA concentration approximately every 50 h.

A linear fit of the data from overload experiment was done
for each method against the reference values using Microsoft
Excel® statistical tools. Data regression was carried out for
two concentration ranges: (1) The complete range of data (13
to 4900 mg - L~ for VFA and 2.5 to 49.5 meq - L™ for bi-
carbonate); and (2) the low concentration range (13 to 410
mg - L! of VFA and from 2.5 to 10 mEq - L™! of bicarbon-
ate). In this last case, the aim was to prove whether the
AnaSense® had sufficient sensitivity at low concentrations.

Automatic start-up and response to organic overload us-
ing the IA/TA ratio. We carried out an experiment that tests
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FIG. 3. Organic loading rate-OLR (—), feed flow-rate (- - -) and influent COD (A) applied during two organic overload

experiments.
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FIG. 4. Comparative values of VFA estimated by DOC concentration ( B ) versus VFA measured by chromatography ([X).

the suitability of the sensor for closed-loop control of the
anaerobic process. This control system is based on fuzzy
logic and was previously developed by Garcia et al. (2007).
It involved the following process variables: IA/TA ratio,
methane flow rate, and hydrogen concentration in gas phase.
The controller sets up the feed flow rate using a knowledge
base of 25 rules with a fuzzy inference based on Mamdani
methodology (Mamdani and Assilian, 1975). The control sys-
tem was implemented using the Matlab® Fuzzy Logic Tool-
box.

The reliability of the AnaSense® in closed-loop control was
tested during automatic start up and organic overload ex-
periments. Normally, the recommended IA/TA ratio limit
that assures the stability of the anaerobic treatment process
is between 0.2 and 0.3 (Ripley ef al., 1986). In the experiments,
an IA/TA ratio value of 0.3 was used for the fuzzy controller.
Input COD concentration was initially fixed to 3.15 g - L1,
and then, in a second step, an organic overload was applied
by increasing COD concentration to 7 g - L™ L.

Results and Discussion

All the conditions used to evaluate the system perfor-
mance correspond to different scenarios that can be found
at industrial level. The results obtained are presented here.

Open loop testing during overloads experiments

The instability of the anaerobic digestion process is usu-
ally related to the variation of wastewater quality and flow
rate (Steyer et al., 2006). For this reason, the validation ex-
periments were defined as organic and hydraulic overload
scenarios.

AnaSense® was validated against VFA concentration val-
ues that were estimated from on-line DOC data. Therefore,
it was necessary to provide a comparison with off-line Gas
Chromatography determinations. This was performed
throughout the validation process. Figure 4 shows a com-
parative analysis of average values and standard deviations
of VFA concentrations estimated by DOC. It also shows VFA

concentration measured by gas chromatography in all the
measured ranges. It is clear that the results for both tech-
niques were very similar, which indicates that the estima-
tion of the VFA from on-line DOC analysis is adequate for
this purpose.
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FIG. 5. (A) VFA reference values (X)) vs. estimate concen-
trations for method 1. (—) and method 2 (- - -) during two
organic overload experiments. (B) Bicarbonate reference val-
ues (X)) versus estimate concentration for method 1 (—) and
method 2 (- - -) during two organic overload experiments.
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FIG. 6. Dynamic evolution of Biogas flow rate (- - -) and pH in the reactor (—) during two overloads experiments.

The VFA and bicarbonate estimates by methods 1 and 2
are presented in Fig. 5. The response of the process to both
disturbances is shown in Fig. 6, which depicts the evolution
of biogas flow rate and pH in the reactor. Both disturbances
caused an initial increase in biogas flow-rate and a rapid rise
of VFA concentration. At the same time, a decrease in bi-
carbonate concentration and pH was observed.

The first overload consisted of a combined hydraulic and
organic overload that lasted 24 h. The value of the OLR was
25 kg COD - m3 - day~!. As a result, the VFA concentra-
tion increased to 4,900 mg - L~! and the biogas flow rate
sharply decreased, indicating a strong inhibition of the pro-
cess. The pH value in the reactor dropped to 5.3, due to the
lack of alkalinity, which favours an accumulation of VFA in
its undissociated form. The microbial ecosystem was clearly
overloaded at the end of the first overload. Subsequently, the
process took approximately 150 h to recover. In the second
overload (the organic overload), we applied for 40 h an OLR
that was four times smaller than that used for the previous
experiment (8 kg COD - m~3 - day!). However, the VFA
concentration quickly increased to a value of 4,750 mg-L~!
of equivalent acetic acid. This was due to the inhibition of
the microbial ecosystem induced by the first overload. This
behavior is typical in a reactor that has suffered a severe
overload (Mathiot et al., 1992; Cord-Ruwisch et al., 1997; Van-
rolleghem and Lee, 2003).

It can be seen in Fig. 5A that the results for VFA determi-
nation, which were obtained with AnaSense® using both
methods, agree quite well with the corresponding reference
data of concentrations of VFA, even at the lowest and the
highest VFA values. Meanwhile, the estimate of bicarbonate
presents a less appropriate response (see Fig. 5B). The esti-
mated bicarbonate concentrations are greater than the refer-
ence values. Method 2 gave worse results. However, the es-
timated values from both methods agree with the tendency
of bicarbonate concentration in the process.

It is important to note that the equipment showed a ro-
bust behavior since the response for VFA (both methods) and
bicarbonate (method 1) was sufficiently accurate over the
long period of the whole validation process. For example,

Fig. 7 shows the linear fit for the complete range of VFA con-
centrations.

Table 1 presents a summary of the linear fit parameters
(intercept, slope, correlation coefficient and number of data)
for both the complete range and the diluted concentrations
range.

It is clear that for the VFA determination over the com-
plete range of data, both methods performed well. They
had a correlation coefficient (R?) of 0.98 and slopes close
to one. For the low VFA concentration values (13-410 mg -
L), method 1 gives the better fit (R?> = 0.87) with a slope
near unity (1.12). Method 2 shows poorer results than
method 1 with a correlation coefficient of 0.80 and slope
of 1.16. Apparently (under the present experimental con-

6000

VFA methods 1 and 2 (acetate equivalent mg.L™)

4000

6000

VFA reference values (acetate equivalent mg.L")

FIG.7. VFA concentrations estimated by method 1 (A) and
method 2 (X)) vs. reference values. Linear fit of VFA by
method 1 (—) and linear fit for VFA by Method 2(- - -). Com-
plete range of data (13 to 4900 mg-L~! for VFA).
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TaBLE 1. SUMMARY OF THE LINEAR FIT PARAMETERS FOR THE
ORrGANIC OVERLOADS (COMPLETE RANGE AND DILUTE RANGE)

VFA whole range (13-4,900 mg - L1 as acetic acid)

Number
Method R? Slope Intercept of data
1 0.98 1.01 15 401
2 0.98 0.99 41 407
VFA diluted range (13410 mg - L™ as acetic acid)

Number
Method R? Slope Intercept of data
1 0.87 1.12 25 24
2 0.80 1.16 51 27
Bicarbonate whole range (2.5-49.5 meq - L™1)

Number
Method R? Slope Intercept of data
1 0.98 1.15 2 410
2 0.98 0.94 11 419
Bicarbonate diluted range (2.5-10 meq - L™1)

Number
Method R? Slope Intercept of data
1 0.78 1.50 0 37
2 0.71 1.41 8 40

ditions), method 2 has no advantage over method 1 in the
estimation of low VFA concentrations, despite air stripping
the sample in order to remove bicarbonate and hydrogen
sulphide.

For bicarbonate determination over the complete range,
both methods showed a good correlation coefficient (R?> =
0.98) and slopes near unity. Moreover, method 2 gave the
better slope (0.94). For the low bicarbonate concentration
range (2.5-10 mEq - L™1), both methods gave poor results,
with correlation coefficients of 0.78 for method 1 and 0.71 for
method 2; both methods had similar slopes (1.5 and 1.4, re-
spectively).

On-line monitoring of IA/TA and IA/PA ratios as process
stability index

It is well established that the efficient and stable operation
of anaerobic digestion depends on having an adequate
buffering capacity and nonexcessive VFA concentrations in
the digester. Consequently, IA/TA and IA/PA ratios could
be used as process stability indexes. However, the use of
these indexes in practice requires the availability of reliable
on-line sensors that have been shown to be applicable at in-
dustrial scale.

In the present work, PA, IA, and TA values were moni-
tored on-line by AnaSense® using method 1, which gave bet-
ter results in previous validation experiments. Figure 8
shows the effluent acetate equivalent concentration against
the evolution of the IA/TA and IA/PA ratios. It is clear that
both IA/TA and IA/PA ratios can be efficiently used and
had similar performance. However, IA/PA presented a
higher sensitivity than IA/TA, since the highest value of PA
is equal to TA. According to these results, the safe operation
of the anaerobic digester (without accumulation of VFA)
could be obtained by maintaining IA/TA and IA/PA ratios
lower than 0.2 and 0.25, respectively. Both values agree with
the threshold of 0.3 established by Ripley et al. (1986).

Automatic start-up and response to organic overload
using the IA/TA ratio

Finally, a closed-loop control experiment was carried out
using the IA/TA ratio as a stability index. The results ob-
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FIG. 8. Dynamic evolution of Effluent VFA by method 1 (—) versus alkalinity ratios IA/TA (B ) and PA/TA (A) during

two overloads experiments.
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FIG. 9. (A) Feed flow-rate (—) and influent COD (X)) ap-
plied during the closed-loop experiment (start up and or-
ganic overload). (B) VFA concentrations (—) and IA/TA ra-
tio (X)) during the closed-loop experiment.

tained are shown in Fig. 9. The evolution of the feed flow
rate and the change in the input COD concentration can be
seen in Fig. 9A. Figure 9B presents the dynamics of the
IA/TA ratio and VFA concentration during start-up and or-
ganic overload.

During the start-up process, the control system increases
the feed flow rate while the anaerobic process is stable (val-
ues of the IA/TA ratio are below 0.3 and there is no accu-
mulation of VFA). The system reached the operation capac-
ity at a feed flow rate of 40 L - h~! without accumulation of
VFA (values were below 200 mg - L™! in the effluent). Af-
terward, an organic overload was applied by increasing the
input COD concentration to 7 g - L™! (on approximately the
145th h of experimentation).

As a result of the overload, the IA/TA ratio reached val-
ues higher than the set point of 0.3, and thus, the control sys-
tem managed a decrease in the feed flow rate until the IA/TA
ratio again recovered acceptable values (lower than the limit
of 0.3). Finally, the feed flow rate was stabilized at 10 L/h
and the effluent VFA concentration returned to values close
to 200 mg - L.

Sumary and Conclusions

The AnaSense® titrimetric sensor was validated at the pi-
lot scale in continuous operation. Each analysis of Anasense
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needs between 5 and 10 min to be carried out, depending of
the VFA concentration in the sample. This time period can
be modified for hydraulic retention times higher than 10 h,
which is useful for control purposes in AWT.

The main problem with the analyzer is the presence of
solids in the sample. The use of a microfiltration unit for the
sampling system allowed for clogging or fouling drawbacks
to be avoided and ensured the proper functioning of the an-
alyzer. The maintenance requirements only involved cali-
brating the pH probe and cleaning the titration vessel twice
weekly.

Both methods exhibited good performances in the deter-
mination of the VFA and bicarbonate concentrations for the
complete range of concentrations (13-4,900 mg - L™! and
2.5-49.5 mEq - L™ respectively).

For low range of VFA and bicarbonate concentrations,
both methods displayed worse results; nevertheless, the re-
sults allowed the evolution of the process to be followed.
Over the range of experimental conditions, method 1 pre-
sented a high efficiency and reliability.

AnaSense® showed a good performance for determining
on-line alkalinity ratio (IA/TA and IA/PA), which are well
established as stability indexes for anaerobic processes and
provide useful information as control parameters. Thus, this
equipment is suitable for being used to monitor the alkalin-
ity ratio for the purposes of closed-loop control in waste-
water treated by anaerobic digestion processes. AnaSense®
is also a good option for the industrial implementation of
other previously developed controllers (Bernard et al., 2001;
Punal et al., 2003) and advanced diagnosis systems (Tay and
Zhang, 2000; Pufal et al., 2002) that are based on VFA con-
centrations and/or IA/TA ratios.
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