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Abstract

The anodic conversion of oleate was carried out on RuO2 type DSA electrode under potentiostatic control.

It was used as a pre-treatment of the anaerobic degradation of oleate, which is a long chain fatty acid abundant

in wastewaters. Electrochemical treatment was found to improve the anaerobic biodegradation of lipidic

wastewaters. In batch experiments, pre-treated oleate was converted to methane without any lag phase, whereas

the onset of oleate mineralization was delayed by 90 h. Additionally, the rate of methane production was higher

in the pre-treated oleate batch assays than in the oleate ones.
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1. Introduction

Lipids are attractive substrates for anaero-
bic digestion due to the higher methane yield
obtained, when compared to proteins or car-
bohydrates. They constitute an important
part of organic matter in effluents and can
be considered as a large potential renewable
energy. Lipids are easily hydrolyzed to long
chain fatty acids (LCFA) which are poten-
tially inhibitory to the bacterial groups

involved in LCFA degradation (acetogenic
and methanogenic bacteria). Lipids give also
rise to biomass flotation and reactor washout
by forming a lipid layer around the bacterial
aggregates [1,2].

Conventional pre-treatment technologies
are commonly applied to eliminate these pro-
blems but they present some relevant disad-
vantages. Physical separation of fat removes
the potential methane production associated
to this fraction of organic matter and dis-
solved and/or emulsified quantities are not
efficiently removed remaining in the
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wastewater [3]. Chemical technologies that
are based on the addition of chemical reac-
tants represent additional costs and sludge
production.

Anodic oxidation is an interesting alterna-
tive, especially because it can be used as a
pre-treatment technology in detoxifying
ahead of bio-treatment, rather than minera-
lizing them completely. Electrochemical
methods have been successfully applied to
treat a wide variety of organic wastes, i.e.
phenolic [4], azo-dyes [5] textile [6,7], and
olive oil [8].

The anodic oxidation reactions have
in common the fact that they involve
transfer of O-atoms from H2O in the
solvent phase to the oxidation products. John-
son et al. [9] explained anodic oxidation of
various organic compounds on the basis of
the following mechanistic speculations: (1)
a prerequisite of the required anodic
O-transfer reactions is the discharge of
H2O to generate adsorbed hydroxyl radicals;
(2) a co-requisite is preadsorption of the
reactant species; (3) the O-transfer step
occurs from (OH)ads to (R)ads; and (4) an
inevitable but undesirable concomitant
reaction is the anodic evolution of O2(g).

Therefore, variations in reactivity of
electrode materials are ascribed to differences
in the extent of electrocatalytic participation
of these electrode surfaces within the anodic
O-transfer mechanisms [9]. The excellent
electrocatalytic activity of Dimensionally
Stable Anodes (DSA) [10] makes these
electrodes as promising materials to carry
out the electrochemical conversion. Recent
investigations have concluded that ruthenium
dioxide type DSA’s are efficient in various
organic wastes degradation [4,6,7].

The objective of the present work is to
study the efficiency of the electrochemical
treatment of oleate using a RuO2 type DSA
in alkaline medium. Batch experiments were

performed to evaluate the effect of electro-
chemical treatment on oleate biodegradation
and toxicity.

2. Materials and methods

2.1. Voltammetric study

Voltammetric measurements were per-
formed in a three electrode two compartment
cell using an EG&G Princeton Applied
Research model 273 potentiostat/galvanostat.
The experiments were carried out in alkaline
solutions (0.1 M NaOH) and in the presence
of 10 g/L sodium oleate, which was used as a
model compound. A platinum foil counter
electrode and a saturated calomel reference
electrode (SCE) were used. The working elec-
trode was RuO2 type DSA electrode (geo-
metric area = 0.7 cm2). The electrooxidation
of oleate was studied voltammetrically in the
potential range of 0 < E < 1.5 V vs. SCE at
the scan rates of 10 and 100 mV s�1.

2.2. Electrooxidation of oleate: electrolysis
experiments at constant potential

Electrolysis experiments were performed
using the conditions established in the voltam-
metric study. They were carried out under
potentiostatic control using a DC power sup-
ply (Unilab) being the anode potential con-
trolled against the reference electrode by a
voltmeter. The cathode was a stainless steel
sheet, being employed the same electrode
used in the voltammetric runs as anode (geo-
metric area = 1.4 cm2). A 0.02 L volume solu-
tion of 10 g/L sodium oleate (NaOH 0.2 M)
was used. Current values were monitored
along the 28 h of total electrolysis time.

2.3. Methanogenic activity and biodegradabil-
ity batch experiments

Methanogenic activity, toxicity and biode-
gradability batch experiments were performed
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using a pressure transducer technique [11].
These tests involve monitoring the pressure
increase developed in sealed vials, maintained
under strict anaerobic conditions. The hand
held pressure transducer was capable of mea-
suring a pressure increase or decrease of two
bar (0–50 kPa) over a range of �50 to
þ50 mV. The sensing element consists of a
2.5 mm square silicon chip with integral sen-
sing diaphragm and is connected to a digital
panel meter module. The device is powered
by a 7.5 V DC transformer. The basal med-
ium used in the batch experiments is com-
posed of cysteine-HCL (0.5 g/L) and sodium
bicarbonate (3 g/L) and made up with demi-
neralized water. It is prepared under strict
anaerobic conditions and the pH is adjusted
to 7.0–7.2 with NaOH 8 N. No calcium or
trace-nutrients were added.

The methanogenic activity tests were per-
formed in duplicate assays by using non-
gaseous substrates (acetate, propionate,
butyrate and ethanol). In the methanogenic
toxicity tests, the oleate concentration was
0.1 g/L and acetate was added as co-substrate,
in order to evaluate the influence of oleate and
of electrochemical product on the acetoclastic
activity. Toxicity tests were performed in
triplicate assays. Biodegradability tests were
carried out by adding 0.5 g/L of oleate before
and after electrochemical treatment to the
sludge in batch vials. They were performed
in duplicate assays. Methane production was
corrected for standard temperature (STP)
conditions.

The suspended sludge used in experiments
was obtained from a laboratory anaerobic
filter fed with skim milk as substrate. Table
1 summarizes the results of the specific
methanogenic activity against acetate, pro-
pionate, butyrate and ethanol. Concerning
the methanogenic activity against propionate,
butyrate and ethanol, it should be noted that
these substrates are indirect methanogenic

substrates and a valid measurement of the
maximum specific methanogenic activity
against these acids can only be obtained
when the acetoclastic and hydrogenophilic
activities are not rate-limiting [12]. In the pre-
sent sludge, however, the acetoclastic activity
was limiting the overall rate of methane pro-
duction from the indirect substrates.

3. Results and discussion

3.1. Electrochemical experiments

Fig. 1 depicts the cyclic voltammograms in
a wide potential range of the DSA electrode
in alkaline solutions in the presence and in
the absence of sodium oleate. The current
increase noticed at ca. 0.6 V in the NAOH
solution corresponds to the oxygen evolution
reaction (OER). As in the oleate free solu-
tion, in the lipid containing media the same
onset potential to the anodic current be
observed is recorded. However, in this case,
lower current values are obtained at higher
potential values likely due to the adsorption
of the lipid at the electrode surface. Being so,
the oxidation of oleate would occur by direct
electron transfer with the electrode or
through a redox reaction with the evolved
oxygen. At the higher scan rate (Fig. 1b) the
current magnitudes at high anodic potentials

Table 1

Methanogenic activity of biomass used in the

biodegradability and toxicity batch experiments

Methanogenic activity in the presence of: (mL
CH4(STP) gVSS

�1 d�1)a,b

Acetate 16.9 � 2.9
Propionate 23.3 � 0.4
Butyrate 19.7 � 1.0
Ethanol 96.5 � 5.6

aMethane (CH4) at standard temperature and
pressure.
b�95% confidence interval.
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in both solutions are not as different as
observed at the lower sweep rate (Fig. 1a).
This feature can probably be ascribed to a
slow adsorption process of the oleate species.
Indeed, if the water molecules adsorbs faster
at the electrode than the oleate (after releas-
ing of the reaction products) the monitored
current should approach that obtained in the
NaOH solution, as observed.

In order to avoid excessive oxygen genera-
tion and at the same time keep the current
values at significant values, a constant poten-
tial of 1.2 V vs. SCE was chosen to perform
the long run electrolysis experiments.

3.2. Biodegradability and toxicity batch
experiments

Cumulative methane production pattern
when oleate and electrooxidation product
were anaerobic degraded is presented in Fig. 2.

For electrochemical product no lag phase
was observed before the onset of methane
production and therefore, the initial rate of
methane production from product was higher
than the observed for oleate. The maximum
plateau achieved was not significantly differ-
ent among the two substrates thereby sug-
gesting that COD was not substantially

reduced by the pre-treatment method which
is advantageous as far as the global methane
yield is concerned.

The results obtained from toxicity batch
experiments showed a toxic effect on the acet-
oclastic activity against both tested substrates
[Fig. 3]. Nevertheless, this effect was more
important for the raw oleate than for electro-
chemical product. The pre-treatment has
exerted an advantageous effect since the
potential oleate toxicity was decreased.

Fig. 1. Cyclic voltammograms of a RuO2 type DSA electrode in 0.1 M NaOH solutions in the presence (——)

and absence (----) of (a) 10 g/L sodium oleate at n = 10 and (b) 100 mV s�1.
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Fig. 2. Biodegradability tests. Cumulative methane

production due to the biodegradation of oleate

before (�) and after (�) electrochemical treatment,

for a concentration of 0.5 g/L, and in the blank

control assay (&).
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4. Conclusions

Oleate as other LCFA exerts a detrimental
effect on anaerobic process and it conversion
can be improved by electrochemical pre-treat-
ment using a RuO2 type DSA.

The potential toxic effect of oleate on the aceto-
clastic activity is reducedby the electrochemical pro-
cess. On the other hand, the biodegradability batch
experiments revealed that the pre-treated oleate is
faster converted than the rawoleate.The electroche-
mical treatment was beneficial, since the initial rate
of methane production from the pre-treated oleate
was higher than the observed for oleate.
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Fig. 3. Toxicity tests. (&) control; oleate before (�)
and after ( &) electrochemical treatment for a con-

centration of 0.1 g/L.
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