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Abstract: This paper examines the efficiency of electro-akmh used as the single
pretreatment of landfill leachate. The experimemse performed on three different types
of leachate. The results obtained using this edebmical method results were analyzed
after seven days of treatment. The main charatitarisf leachate and a diagram of the
experimental apparatus are presented. The oveb@lctives were to contribute to the
knowledge of electrochemical treatments for theuctidn of COD, BOI, ammonium,
and total suspended solids, and also to examinéghehthere was any resulting hexavalent
chromium in the liquid sample. The yields obtainegre considered satisfactory,
particularly given the simplicity of this technold_ike all processes used to treat refluent
water, the applicability of this technique to aafie industrial refluent needs to be supported
by feasibility studies to estimate its effectiveshaad optimize the project parameters. This could
be a future development of the work.
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1. Introduction

The leachate generated by municipal solid wasteViyiiandfills contains a high level of organic
and inorganic pollutants arising from the biologi@d physical-chemical processes within the
controlled landfills. Leachate treatment is difficdior a number of reasons [1]:

» High concentrations of organic and inorganic palhis;

» Variability of the characteristics of the leachateer time, according to the dynamics of the
biological degradation of the waste in the landfjuality fluctuation) and the precipitation and
other hydrological balance factors, such as surfaneff, evapotranspiration, field capacity of
the landfill, etc. (quantitative fluctuation).

The available treatment alternatives are classifsednsite treatments, which can be grouped asviill

» Complete treatmente, reaching standards for discharging directly sudace waters;
* Pretreatment,.e., reducing the quantity and/or polluting load addbate, which is subsequently
treated in an off-site plant and/or discharged thensewage system.

In the last twenty years, several plants have Ibe@hto pretreat special refluents in medium-large
treatment plants, managing significant quantitieleachate. Very often, these kinds of plants dse a
designed to treat other types of pollutants frordustrial activities or from air washout [2,3].
Generally, after a chemical-physical pretreatmsiitirig, chemical precipitation of metalstc) and,
in some cases, a biological pretreatment (activatadge, also combined with an ultra-filtration
process—Membrane BioReactor, MBR), it is possibléeed the treated leachate into the wastewater
line of a municipal plant.

In the case of mature leachates from MSW landfillee greatest problem in achieving the
regulatory levels set for discharging into the sgsvaystem essentially involves the high concewimati
of ammonium associated with the low biodegradahditthe chemical oxygen demand (COD).

In order to tackle this problem, much research been done over the last ten years to identify
innovative solutions for the treatment of liquid sk& that contains high concentrations of refractory
organic compounds and ammonium. Two types of treatrare of particular interest:

» Chemical electro-oxidation;
* Innovative biological removal.

In addition to the above mentioned solutions, @& possible to use ammonia stripping plantspth
the gas and vapor phases, or ion exchange resiresnove the nitrates produced with electro-oxwtatr
with biological processes, or to use new solutioanshemical-physical treatments [4].

A conventional biological treatment could be addptewever if biological nitrification/denitrificein
was applied, the high ammonium content of the latechvould require the addition of an external
substrate and this would increase the cost ofrgegrhent.

In the last ten years, for high ammonium conceioinata number of unconventional biological
treatments have emerged (SHARON, Single Reactoh ldaivity Ammonia Removal Over Nitrite;
ANAMMOX, ANaerobic AMMonium OXidation, and CANON, @npletely Autotrophic Nitrogen
removal Over Nitrite) [5-9]. These solutions haveeady been adopted in full-scale plants [10].
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In particular ANAMMOX (oxidation of ammonium undemaerobic conditions) has been studied
since the mid 1990s at the University of Delft [11]

Considering the different alternatives proposeddextribed in the technical literature [12], takinigp
consideration the role of electrode materials fh8]priority of this experimental investigation wasis
to study the treatability of the leachate usingieteoxidation, because of the simplicity of thargl
and its management.

Electrochemical treatments [14—16] consist of dppglg voltage that is constant over time (potetatmd
to the refluent being treated, or alternativelypas$sing a current that is constant over time gyalstatic)
through it. The electrolytic cell is the reactorhich this process takes place. As the contincou®nt
flows, the negative electrode (cathode) gives relastto chemical species, which then diminishjonti@ast,
the positive electrode (anode) receives electrmra themical species, which become oxidized. A very
important role is role of electrode materials scdssed together with that of other experimentalpeters.

Both of these processes encourage the partialabetectrochemical oxidation reactions of theygalhts.
Partial conversion is aimed at more easily biodégjpee compounds, whilst total conversion is aimed
at CQ and HO as final products. The choice of the electrodéensds, voltages, currents and reaction
times are decisive factors in the effectivenesshef treatment. Chemical electro-oxidation can be
performed in two distinct ways: indirect or diretéctro-oxidation [17-19].

An initial form of indirect electro-oxidation takgdace in the presence of high concentrations
of chlorides, CI; first of all, active chlorine is formed on the cale and, in rapid succession,
hypochlorite HCIO is produced, which has a strorigliing effect. This reaction is particularly sabte
for saline refluent leachates. It removes manyutioly molecules (for example, ammonium, which is
partially transformed into nitrogen gas;)Nbut there is a risk that organo-chloride subdpicis may
be formed [17,20-23].

A second type of indirect electro-oxidation leadstlie production of hydrogen peroxide@,
which also has a strong oxidizing effect on re¢edai organic substances. By adding bivalent iron,
Fe" (electro-Fenton), the reaction may be further anbd [24—26].

Another example of indirect electro-oxidation takdmce in the presence of metal ions {Adre”,
Cos", Ni") in a solution. These ions act as “mediators” areloxidized onto the anode, passing from
a low valence to a higher valence, thereby becommngh more reactive. They thus attack the organic
compounds present in the solution and form hydroadicals, which, in turn, are able to oxidize
organic compounds. Many studies have demonstrateéfticiency of electrochemical technology in
removing various kinds of pollutants [27-31]. Sedeexperiments have been carried out to treat
leachate by electro-Fenton. COD removal yieldsvanemore than 85% were obtained. High yields
were also observed for the removal of nitrogen $3]1—

The two main aims of this paper are to:

o Contribute to the knowledge of electrochemical tirets for the reduction of COD,
biochemical oxygen demand (B@Pammonium, and total suspended solids in leaghate

* Observe whether there was any hexavalent chromiuthe liquid sample due to the different
oxidative conditions of this treatment (considerthgt Ct' could be transformed into €rby
applying electro-oxidation). Differently from &y Cr'' is a powerful carcinogenic [35], thus its
formation must be avoided.
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2. Materials and Methods
2.1. Description of the Landfill

The landfill studied is located in Piedmont (northéaly) and consists of three lots. Two lots are
full and are in the post-cultivation phase; oneidaturrently in use. The cultivation was carried m
lot 1 from 1988 until 1994, and in lot 2, from 1984til 2000. The landfill receives approximately
25,000 tonnes of MSW per year.

The basin has bottom proofing, which consists oHRPE sheet and an underlying monitoring
layer. Proofing of the various parts of the lardiths carried out using HDPE sheets, with a high
adherence, joined with a double layer. Currentgylgachate is collected, pumped and stored in tanks
and treated out from the landfill plant, in a sfiecwastewater and liquid waste treatment plant
(conventional biological treatment with the thittgeenical finishing step).

Lots 1 and 2 are currently exhausted.

Lot 3 is wider than the first two, is physicallypseate from lots 1 and 2, and is basically a sépara
landfill in terms of storage capacity, leachaténweter, and road network. It was dug in three etag
(called the 1st, 2nd and 3rd hydraulic sectorg)nfeast to west, and the last stage was compleeD6.
From a management point of view, the most westerntgwhich corresponds to the first stage and
part of the second stage) is almost full, and testeyn part, which began operating following cotiqte
of the third stage, is currently being used. Therall area of lot 3 is approximately 30,606. m

2.2. Experimental Apparatus and Sample Charactadana

The experimental apparatus used in the laboragstg (Figure 1) consisted of:

* A rectangular reactor (20 x 10 x 10 cm), in trameptPVC, with a thickness of 10 mm,;

» Two flat square electrodes (10 x 10 cm), made fstaunless steel [36], which are perforated to
allow the electro-osmotic mass to flow through;

* A DC power supply Mitek MICP 3005S (up to 60 V armlto 5 A).

Figure 1. Experimental apparatus used in the tests.
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When carrying out the laboratory experiments usiingapparatus, the electrodes were inserted into
the grooves on the walls of the empty reactor. 8in@ty space between the electrodes was then filled
with the contaminated sample. The leachate sampdes analyzed in the laboratory. Regarding the
intermediary and final sampling, because the samyds liquid, only one mixed sample that
characterized the entire sample was taken and pheserved at 4 to 5 °C or taken directly to the
laboratory for analysis.

The methods used for the analyses were MI-127 2@ (digestion/titration) for COD, MI-128
rev 2 2007 (respirometric method) for BOD, MI-12%r1 2007 (UV/visible spectro-photometry) for
ammonium and hexavalent chromium, UNI EN I1SO 142QQ1 for nitrates and nitrites, MI-155 rev 1
2007 (gravimetry) for TSS, and EPA 3052 2006 + EF®AO0 B 1996 for As, Be, Cd, total Cr, Ni, Pb,
Cu, Se, and Zn.

Table 1 shows the characterization of leachatberekperimental tests. Table 1 highlights that both
the Italian regulatory limits for metals and thedbsewage company limits were respected, except fo
copper and zinc. In any case, the main objectivéhisf research did not include the treatment of
metals, but rather the assessment of hexavaleatnolim concentrations that can potentially change
due to different oxidative conditions.

A comparison of data reported in Table 1 with &tere data [37—39] demonstrates that the studied
leachate is characteristic of an old landfill.

Table 1.Characterization of the leachate.

Legal limits for

Parameter Unit Lot 1 Lot 2 Lot 3 . .
discharge in sewage
COD mg Q-L™* 3,580 3,360 4,314 12,000
BODs mg Q-L~" 420 410 568 250
BODs/COD - 0.117 0122  0.132 -
Ammonia nitrogen mg-‘l_1 N(NH, 1,728.60 2,181.1 2,296.3 3,500
Nitrite mg-LU'N-NO, <0.01 <0.01  <0.01 0.6
Nitrate mg-L'N-NO,  0.10 2.64 0.16 30
Total suspended solids mg'L 542 218 633 -
Chloride mg-L* 871 1,563 1,304 1,200
Arsenic mg-L* 0.01 0.1 0.09 0.5
Beryllium mg-L! <0.01 <0.01 <0.01 -
Cadmium mg-[* <0.002 0.003  0.003 0.02
Cobalt mg-L* 0.03 0.07 0.07 -
Nickel mg-L* 0.41 0.64 0.70 4
Lead mg-L* 0.017  0.026  0.142 0.3
Copper mg-[1 0.054 0.068 0.729 0.4
Selenium mg-T* 0.01 0.01 0.02 0.03
Zinc mg-L* 1.12 0.54 1.37 1.0
Total chromium mg-T* 0.499 0.856 1.372 4

Hexavalent chromium mg-L_1 <0.10 <0.10 <0.10 0.2




Sustainability2013 5 3965

2.3. Parameters

The parameters used in the treatments were adaptatordance with the behavior of the matrix
treated. All samples were characterized by hightedal conductivity values (between 14,51619-crﬁ1
and 25,50QuS-cm?). It was therefore necessary to check the spagifiage values (V-ci).

In each test, a contaminated sample was introdutedthe test cell, and a constant voltage,
between 10 and 30 V, was applied for a set peridion@ (seven days for the first three samples from
the three lots of the landfill, and one day for tbharth, made up of perforation water). At the eid
each test, the sample was removed from the reawtdr analyzed, to determine COD, B§D
ammonium, total suspended solid and hexavalentdlro values.

For the first three samples, the specific voltaggliad varied between 1.5 V-¢hand 0.5 V-crt.
During the first hour of treatment, the specifidtage was set at 1.5 V-chbut the recorded current
was too high (between 2 A and 3 A). In the nextrhthie specific voltage was reduced to 1 V-crim the
end, it was decided that the specific voltage s$edild be 0.5 V-ci.

The treatment period was seven days, with interatediquid samples and sludge taken after the
first three days. In the literature, a maximum @erof treatment is measured in hours (3-6 h) atd no
in days (as in this research), but the idea wasbs®rve the behavior of the electrochemical treatme
when no chemical substances were used.

We divided the treatment into two phases:

« Phase 1: lasting 3 days, application of a speeifltage of 0.5 V-cn;
« Phase 2: until the end of the test, with the apfiin of a specific voltage of 1 V-¢h

The idea of two phases with two different speciditages was due to the fact that at the beginning
of the test, the current value was too high andoth@er supply was not able to sustain a high veltag
that would have corresponded to a specific voltagé V-cm™. After three days, the current value
dropped and the specific value of 1 V-¢was established.

For the last sample, the treatment was applied fonlgne day, with a specific voltage of 1 V¢m

3. Results and Discussion

The parameters monitored during the tests weraegyrinitial and final pH, initial and final
electrical conductivity, and specific voltage. Tall shows the main characteristics of the testsedar
out. In some cases, there was a peak in the cunth was occasionally very marked) in the initia
moments of the test, followed by a gradual decrelasall the tests, the current fell until it reacha
level that remained constant for the remaindeheftést, and then settled at very low values.

Table 2. Summary of the lab tests carried out during th@eernents.

Specific voltage

Test Applied voltage (V) Duration (day) Peak current (mA)

(V-cm™)
Lot 1l 10+ 20 05+1 7 1,480
Lot 2 10+ 20 05+1 7 1,760

Lot 3 10+ 20 05+1 7 1,050
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The current densities recorded were approximate® 5 8.8 mA-cri? (the surface of the
electrochemical cell was about 200%camd the current had a variation between 1.04 A-A)7at the
beginning of the test, and fell significantly owame. These results differ slightly from the values
reported in the literature [40] for electrochemipebcesses (1 mA-cH).

3.1. Lot 1 Test

This test was carried out for a treatment periodedfen days, with a specific voltage that varied
from 0.5 to 1 V-crit,

During the initial hours of treatment, it was demicthat a voltage of 1.5 V-cfshould be applied,
however, given that, already after the first 30utes, the current value was greater than 2.8 Asdhage
was eventually reduced to 0.5 V¢niThis voltage was kept constant for the firstéhtdays of treatment,
after which, it was increased to 1 V-¢nin the second part of the treatment, because uhert
tended to fall to a constant value, which, in thsecin question, did not exceed 170 mA. The values
recorded during monitoring are shown in Table 3.

Table 3.Trend of the electrical current (test lot 1).

Time (h)  Current (A) Specific voltage (V-cm?)

0.25 1.48 1
0.5 0.689 0.5
21 0.324 0.5
48 0.235 0.5
72 0.166 0.5
72.9 0.289 1
144 0.478 1
168 0.115 1

Taking into account the current values measuredettergy consumed was also assessed, and was
found to be 740 kWh-m (0.74 kWh-LY).

By the end of the treatment, the pH increasedtgliffom its initial value of 7.5 to 7.7. The elactl
conductivity fell from an initial value of 18.87 m®i”, to 13.04 mS-ci, after seven days of treatment.

Table 4 shows the characterization of the samgli®reé, during and after the treatment.

Table 4.Results of the Lot 1 sample treatment.

Parameter Unit of measurement Initial Final Treatment efficiency (%)
COD mg Q-L™ 3,580 1,062 70.34
BOD mg Q-L™ 420 133 68.33
Ammonia nitrogen mg N(NJ-L™ 1,728.6 1,066.2 38.32

Nitrite mg N-NQ-L™ <0.01 <0.01 -

Nitrate mg N-NQ-L™ 0.1 611.79 &
Total suspended solids mg*L 542 74 86.35
Hexavalent chromium mg-L <0.1 <0.1 -

#The higher quantity of nitrate after the treatmeas due to ammonia nitrogen transformation.
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ltalian regulations for discharging into a sewaggtesn establish require a maximum value for 271 COD
of 500 mg-L* for COD. For the sample to conform with this sitvas necessary to apply the treatment
for a time significantly longer than the seven dalygady tested, given that it was demonstratet tha
the electrochemical treatment is was more effectivth longer treatment times, but has not a
linear kinetics [41].

After the first three days, sedimentation was olesgrwhich had a volume of 0.3 L for lot 1.

From Table 4 it can be clearly observed that tHeciehcy of ammonium removal was low,
the remaining ammonium concentration was about0L/8g-L. The portion finally removed was
38.32%. The ammonium removed appeared to havedlearst entirely transformed into nitrate.

An amount of 86.35% of total suspended solids legth bemoved from the liquid after the 7-day treatme

3.2. Lot 2 Test

This treatment lasted for seven days, with a sjpeetfitage that varied between 0.5 and 1 Vtm
The same treatment strategy described for the kedtivas used. The trend of the current monitduerhg
the test is shown in Table 5. The amount of eneogjysumed was 377 kWh-{(0.38 kwWh-L?).

Table 5.Trend of the electrical current (Lot 2 test).

Time (h) Current (A) Specific voltage (Vcm™)

0.17 1.76 1
0.5 0.763 0.5
21 0.27 0.5
48 0.097 0.5
72 0.069 0.5
72.25 0.658 1
144 0.083 1
168 0.072 1

The pH value increased slightly by the end of tieatment: from its initial value of 7.5 to a final
value of 7.7. The electrical conductivity fell frothe initial value of 25.4 mS-ciy to 17.21 mS-cil
(after seven days of treatment).

The characterization of the sample, before, duaimg) after the treatment is shown in Table 6.

Table 6.Results of the Lot 2 sample treatment.

Parameter Unit Initial  Final Treatment efficiency (%)
COD mg QL™ 3,360 1,176 65.00
BOD mg QL™ 410 150 63.41
Ammonia nitrogen mg N(Ng-L™ 2,181.1 1,851.9 15.09

Nitrite mg N-NQ-L™" <0.01 <0.01 -

Nitrate mg N-NQ-L™  2.64 209.64 &
Total suspended solids  mg-L™* 218 246 g
Hexavalent chromium mg-L <0.1 <0.1 -

2 The higher quantity of nitrate after the treatmisrdue to ammonia nitrogen transformatidihe increase
in TSS is due to the electrode corrosion.
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A modest removal of COD and BOD was observed #ifeefirst three days of treatment, which continued
to improve by the end of the treatment (from 25%%6&6 for COD, and from 30% to 64% for BOD).

In view of the national maximum value (COD = 500-m{) for discharging into the sewage
system, the treatment was continued at least anbthdays (in addition to the seven already tested)

After the first three days, sedimentation couldsben, which, for lot 2, had a volume of 0.35 L.

For ammonium there was a modest final removal, @i d5.09%. In addition, in this case,
ammonium seemed to be transformed into nitratewfoch an increase was recorded.

In this case, the total suspended solids did mpstes any removal, but an increase by nearly 1886 a
the 7-day treatment. This was due, in part, tactreosion of the steel plates, with a subsequésdse of
suspended matter, and, in part, to electro-floticudollowing the release of iron ions into théwutmn.

3.3. Lot 3 Test

Similar methods were used for the test for Lot Grétion 7 days, voltage 0.5-1 V-chn(Table 7).
The energy consumed amounted to 689 kWh(th689 kwh-L?).

Table 7.Trend of the electrical current (Lot 3 test).

Time (h)  Current(A) Specific voltage (V.cm™)

0.09 1.05 1
0.5 0.337 0.5
21 0.361 0.5
48 0.194 0.5
72 0.094 0.5
72.5 0.563 1
144 0.629 1
168 0.607 1

A comparison of the current values for all threengkes (Figure 2), reveals that even though the
maximum value for the Lot 3 experiment was the Isiwéhe steady state value was the highest.
In addition, for Lot 3 the last three measured galwere very similar compared with the same values
as in the Lot 1 and Lot 2 tests, where the vameiiomore obvious.

By the end of the treatment, pH increased slidtdty its initial value of 7.5, to 8.1. In contras$te electrical
conductivity decreased from 26.7 mS-ttn 19 mS-cnt (after seven days of treatment) (Table 8).

Table 8.Results of the Lot 3 sample treatment.

Parameter Units of measurement Initial Final Treatment efficiency (%)
COD mgQ-L™" 4,314 1,506 65.09
BOD mgQ-L™ 568 197 65.32
Ammonia nitrogen mgN(NR-L™ 2,296.3 902.1 60.72
Nitrite mgN-NQ,-L™ <0.01 <0.01 -
Nitrate mgN-NQ-L™ 0.16  993.29 2
Total suspended solids mg-L* 633 383.6 39.40
Hexavalent chromium mg-L <0.1 <0.1 -

2 The higher quantity of nitrate after the treatmiertue to ammonia nitrogen transformation.
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Figure 2. Comparison between current values for Lots 1,(23n
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Here, too, in view of the limits regarding dischagginto the sewage system, the treatment wascei
for at least another 14 days (in addition to theesealready tested) to allow the sample to conform.

After the first three days, sedimentation was seat, a volume of 0.35 L.

The final amount of ammonium removed was 60.72%eH®o, it appeared to have transformed,
in part, into nitrate, which registered an increase

In this case, the total suspended solids registemednoval of almost 39.4% after the 7-day treatmen
This increase could be attributed to corrosiorhefdteel electrodes, which may also occur in labora
electro-oxidation tests carried out with steelgdaln real-scale plants, probes made of titanicimaded
with noble metals, are used, which are entirelg fécorrosion. The increase in the suspendedssolid
was also due also to electro-flocculation, caudet mon ions were released into the solution.

3.4. Results of the Leachate Samples
Figure 3 compares the initial and final charactdrons, for the three treated leachate samples.

Figure 3. Comparison between the initial concentrations #uedtreatment results for the
three leachate samples.
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Figures 4 and 5 compare the discharge limits sétabign regulations (Leg. Dec. No. 152/2006) [42]

with the samples before and after the 7-day treatnnespectively.
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Figure 4. Initial concentrations of three leachate samptesgared with regulation limits.
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Figure 5. Final concentrations of the three leachate sangrldscomparison with the regulation limits.
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In none of the cases were the limits established>foD, ammonium and nitrate complied with.
Furthermore, for the samples from Lots 2 and 3, lilmés established for total suspended solids,
total chromium, nickel and copper were not compheth, because of the mechanisms described
above, which are only important on a laboratoryesoghen stainless steel electrodes are used.

Sedimentation in all three treatment (Lot 1, Ladril Lot 3) samples was observed which may be

due to the electrode corrosion.

Another important aspect is that the rate of am@aaoinverted into nitrate resulted variable: 35%

for Lot 1, 10% for Lot 2 and 43% for Lot 3.

Moreover, data of Ct in Tables 4, 6 and 8 demonstrate that there idatectable conversion of
cr' into C', with a clear advantage compared to other phenarimemlving these forms of Ci.¢.,,

combustion [43], soils with specific compositio [}
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Very high values of power consumption were foundowt ten times higher than previously
reported data [41]. This is a demonstration thatteb-oxidation is very sensible to the materials
adopted at the electrodes.

4. Conclusions

Problems related to landfills are of great imporgnconsidering both the real environmental
pressure, with particular focus on leachate pradncaind the social acceptation of the risks fanhao
health [45]. Thus, focusing research on leachateagement and treatment is extremely important.
We thus carried out tests on a laboratory scale namber of samples of landfill leachate, in ortder
verify the efficiency of electro-oxidation in term$treatment.

The yields obtained are satisfactory, particuladysidering the simplicity of the technology. Agtwi
all processes for treating wastewater, the apglibabf this technique to a specific industriafleent
needs to be supported by feasibility studies ttahate its effectiveness and optimize the desigarpeters.

Electrochemical oxidation easily removed 64%—-70%C8D, and 15%-61% of ammonium.
The intervention was helped by the electrical catigiity, which had a fairly high value. In order to
achieve the discharging limits for COD, and patady those for nitrogen, electro-oxidation alose i
not sufficient, and other treatments are needed.

Energy consumption for electro-oxidation treatmemried between 0.377 and 0.740 kWH;L
depending on the treated sample. These valuesilgradicative, as they relate to laboratory testsyhich

the optimal choice of electrode materials and @ictien times has not yet been obtained. In the
literature, results related to energy consumptiary wetween 0.012 kwh-tand 0.039 kwh-1* [46].

The selection of the anodic material based on lsoghation demonstrated that the energy consumption
can increase significantly.

During the first few days of treatment, sedimeotatof the samples was observed, which was
usually equal to a third of the initial sample voleL

One problem was the presence of a higher valusdimre metals at the end of the treatment than at
the beginning, , which may have been due the comad the electrodes.

In light of the tests carried out, electro-oxidatiechnology could be applied to leachates, togedu
the concentration of refractory organic matter ananonium.

However, using this technology alone it appears itha&s not possible to achieve the limits for
discharging into sewerage, except where local $infar carbonaceous substances and nitrogen are
decidedly more permissive.

Although a high energy consumption and a potemtidrinated organic formation may limit its
application, electrochemical oxidation is a promgsiand powerful technology for the treatment of
landfill leachate as was also stated by Deng argldBardt in 2007 [26]. In general, it is reasonable
consider that electro-oxidation makes sense wheewable energy is used. This has recently been
highlighted by several authors [47-50].

For the treatment of leachate, the most interedoigtion might be to apply electro-oxidation in
combination with hydrogen peroxide (electro-Fentavi)en the main objective is to reduce the COD
concentration under the discharging limits. Howewdren the intention is also to significantly reduc
nitrogen, the easier alternative from a managemeint of view is to apply ammonia stripping in a
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washing tower, by pH conditioning. Alternativelyevguggest applying innovative, biological processes
(ANAMMOX), which, despite limited application onraal scale internationally, are able to achieve
around 80% nitrogen abatement.

Another limit to integrating electrochemical proses with ANNAMOX involves a negligible
formation of nitrites.

In conclusion, the process sequence might be:

* Sequence 1: ammonia stripping + electro-oxidatarel(ectro-Fenton);

» Sequence 2. ANAMMOX, with an anaerobic membranectoga followed (if necessary) by
electro-oxidation (or electro-Fenton).In this papaly initial and final values of the parameters
characterizing the contaminant load are given; vawehe process should be analyzed also on a
kinetic basis and this is the natural developmeéttiework. In fact a specific kinetic study is ity
in project, after a feasibility study to verify details the viability of the proposed hybrid treatrh
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