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Abstract

The application of combined chemical coagulatiord alectrochemical oxidation
processes to treat a leachate from an intermunisigaitary landfill was evaluated.
Chemical coagulation (CC) experiments were performvéh lime (Ca(OHy), and the
influence of the lime concentration, stirring speed assay duration were studied. In
the electrochemical oxidation (EO) assays, a baolaped diamond anode was used, and
two applied current intensities were tested. It \a® evaluated the influence of the
lime concentration used in the CC pre-treatmentl@enEO performance. In the CC
assays, the highest COD removals were obtainelihierconcentrations of 20 and 25 g
L, at 100 rpm stirring speed, during 2 h. In the EC+combined treatment the highest
removals were obtained at the applied current gitgof 0.6 A, being the influence of
the lime concentration used in the pre-treatmentoat insignificant. The highest
current efficiency was obtained for the combinexhtment with EO assays performed
at 0.4 A.

Keywords: landfill leachate; chemical coagulation; lime centation; electrochemical
treatmentselectrochemical oxidatioBDD.

Introduction

Huge amounts of solid wastes are being producety @gaid the simplest
procedure for their discharge, with low cost, i® tbeposition on sanitary
landfills [1]. However, as a result of rainwatergaation through the wastes, a
very complex effluent is produced, usually knownsasitary landfill leachate.
This leachate composition is very complex and iy mantain all type of organic
and inorganic compounds, some of them refractodytaric, and heavy metals
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[1,2]. Besides the organic matter, ammonia nitrogenf great environmental
concern in landfill leachates [3]. It is releasedni wastes mainly due to the
decomposition of proteins and has been found iohlgi@s at a concentration
range from 0.2 to 13000 mg*i[4].

Nowadays, biological reactors, with nitrificatioefutrification steps, followed
by membrane technologies, are commonly used to lraehates. However, due
to the variability in the quality and quantity dfet leachate throughout the life
span of the treatment plant, these conventionahtrtrents may become
ineffective. Thus, it is very important to applyiable and effective treatment
technologies, capable of deal with such compleluefits.

Efficient methods for sanitary landfill leachateemediation based on
electrochemical technologies are being developadoy them, electrochemical
oxidation (EO) is the most popular electrochemipabcedure for removing
organic pollutants from wastewaters, being boropedbdiamond (BDD) the
most intensively studied anode material [5]. Thee several papers describing
the application of EO in sanitary landfill leachgtevith promising results [3,6-
10]. In fact, this treatment method has shown Ipgtential to treat efficiently
sanitary landfill leachates, although the high ge&c costs are pointed as the
main drawback to its full-scale implementation. H@egration with other
treatment methods can be a possible solution tocowse this drawback.

There are several reports describing the applicatd combined methods
involving EO to treat sanitary landfill leachatd<{23]. A simple and economic
process, widely used in wastewater treatment platse chemical coagulation
(CC). This process has shown to be efficient intteatment of sanitary landfill
leachates and has been widely used as a pre-tr@atpréor to biological or
reverse 0smosis steps, or as a final polishingnresat step, in order to remove
non-biodegradable organic matter [4]. The efficientthe CC process depends
on several factors, such as the nature and dosafebke coagulant, the
characteristics of the leachate, the use of thega®as a pre-treatment or post-
treatment [4].

Several authors refer lime as the most used reageDC processes, being the
amount required to treat sanitary landfill leackdietween 1 to 15 g1[24-27].
The main advantages of using lime in the CC proaedside its low cost, its
availability in many countries and the fact thatlaes not contribute to increase
salinity, as happens when aluminum or iron sakseanployed.

According to Renou et al. [28], CC with lime actseferentially in organic
compounds of high molecular weight, such as huroidsapresent in stabilized
leachates. Also, the CC treatment with lime eliresamost of the organic
macromolecules in the first moments of the reactlming almost 91% of the
organic matter removed during the first 30 s anderiban 99% removed at the
end of a rapid mixing (5 min) [29].

The aim of this work was to evaluate the applicataf CC and EO as a
combined treatment for a leachate from an intermpal sanitary landfill. The
CC with lime was used as a first step, in ordaetoove colloidal and suspended
particles, and it was followed by EO to eliminatee tremaining dissolved
persistent organic compounds. In the CC experimetifferent added lime
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concentrations, stirring speed and assay durati@me tested, in order to study
their influence on the removal of the organic nratie the EO assays, performed
with a BDD anode, the influence of the applied entrdensity and of the CC
pre-treatment lime concentration, was studied.

Materials and methods

L eachate samples

The leachate samples used in this study were tetleat a Portuguese
intermunicipal sanitary landfill site, with an ared 1 km? divided in 7 cells,

being 6 of them sealed since 2012. Approximatelp 2% of leachate are

produced daily at this landfill facility (averagalue). Samples were collected in
the stabilization lagoon, before being submittedatoy treatment, and kept
refrigerated, in order to maintain its initial cheteristics. Samples
characterization is presented in Table 1.

Table 1L Physicochemical characteristics of the leachatepdes.

Parameter Mean value ¢£SD¥)
COD /gLt 4.0+0.3
BODs /g Lt 1.23+ 0.07
BODs/COD 0.31£0.04
DOC /g Lt 1.36+ 0.09
DIC/gL? 1.22+ 0.04
TN/gL? 1.34+ 0.05
TKN/gL? 1.18+ 0.05
TAN /g L? 1.02+ 0.02
pH 8.7+0.1
Conductivity / mS cm 13.8+ 0.6

*SD — Standard deviation

Analytical determinations

Degradation tests were followed by chemical oxygdemand (COD),
biochemical oxygen demand (B@Pdissolved organic carbon (DOC), dissolved
inorganic carbon (DIC), total nitrogen (TN), toehmonia nitrogen (TAN) and
total Kjeldahl nitrogen (TKN), which were performextcording to standard
procedures [30]. The COD determinations were magleguthe closed reflux
titrimetric method. The BOB was evaluated by determining the oxygen
consumption after 5 days of incubation. The DOGZ @hd TN were measured
in a Shimadzu TOC-¥+ analyzer combined with a TNM-1 unit. Before DOC,
DIC and TN determinations, samples were filteredough 1.2 pum glass
microfiber filters. The TAN and TKN were determinesing a Kjeldatherm
block-digestion-system and a Vapodest 20s distitatsystem, both from
Gerhardt. The pH was measured using a HANNA pH mgié 931400). The
conductivity was determined using a Mettler Toledonductivity meter
(SevenEasy S30K).
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Chemical coagulation and electrochemical oxidation assays

The CC experiments were performed in a Jar tesfeipment (Lovibond, ET
730, portable floc tester), using 0.5 L of leachdbth the aim of optimizing
experimental conditions, a first set of assays pasormed, where the added
lime concentration was 15 g'land the stirring speed and assay duration were
varied between 50-200 rpm and 1-4 h, respectively.

Based on the results obtained in this first setssiays, a second set of CC assays
was performed, where different lime concentratibesween 10 and 25 g'L
were tested, applying a stirring speed and asseatidn of 100 rpm and 2.5 h,
respectively.

All the CC experiments were conducted at room teatpee (22-25 °C). After
the CC treatment, the samples were centrifuged gl frequency induction
motor centrifuge (Meditronic BL-S), at 5000 rpm ohgr 5 min, and the
supernatant liquid was collected for the analytdsterminations. For the first set
of assays, only COD was determined.

In the combined treatment of CC+EO, the CC wasagperéd using 20 and 25 g
L1 of lime and, after that, the centrifuged samplesensubjected to the EO
treatment.

The EO experiments were conducted in batch mode stitring (100 rpm),
during 6 h, at room temperature (22-25 °C) andgu&0®0 mL of the coagulated
effluent. A BDD anode and a stainless steel cathiodéa with an area of 10 ém
were used. The applied current intensities evatlatere 0.4 and 0.6 A. In the
electrochemical experiments it was used a DC posugply GW, Lab DC,
model GPS-3030D (0-30 V, 0-3 A).

Both CC and EO assays were performed, at leastuphicate, and the values
presented for the analytical parameters used lovwidhe assays are mean values.

Results and discussion

Fig. 1 presents the COD removals obtained for therical coagulation assays
performed with different stirring speed and assayration, at a lime
concentration of 15 gL From the obtained results, it can be seen thaingt
speed of 100 rpm promoted higher COD removals ghiarnng speed of 50 rpm.
This can be due to the fact that when stirringasvslime stays deposited in the
bottom of the beaker, and does not react effigyentth the leachate. However,
when stirring speed was increased to 200 rpm, éxicepthe assay with 1 h
duration, a slight decrease in COD removals wagms when compared with
the assays performed at 100 rpm, probably becawssgve stirring inhibits the
hydroxides action, being the formed flocks smalled with less tendency to
precipitate.

Regarding to assays duration, it can be seen figmlRhat, around 2.5 h, there
is a stabilization in the COD removal and longesagsduration does not lead to
higher COD removal. Based on these results, toparthe CC assays the most
suitable conditions were a duration of 2.5 h witlstaring speed of 100 rpm.
Thus, in the subsequent assays performed to stuelynfluence of the lime
concentration, experiments were conducted at tgerimental conditions.
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Inset of Fig. 1 presents the COD removals obtainetthe assays performed at
100 rpm stirring speed, during 2.5 h, with lime cemtration varying from 10 to
25 g L. It can be observed that the best COD removals wbtained at 20 and
25 g L1, with only a small difference between the remowitained with these
lime concentrations. Table 2 presents the resitaimed for the CC assays
performed with different lime concentrations. Axén be seen, COD removal
increased with the amount of lime added, achie\an@OD removal of 43%
when the lime concentration was 25 g'.LDOC removal was low when
compared with DIC removal and presented its highesat lime concentrations
of 20 and 25 g L. DIC removal was above 90% for all the lime coricaions
tested, with no significant differences betweenntheéAll forms of nitrogen
measured presented low removals, especially TAMgbthe highest removal
values obtained for lime concentrations of 20 aBdg2L!. Biodegradability
index, measured by the ratio B&@DOD, largely increased when compared to
the initial sample, although this increase decraségh the amount of lime
added. Thus, the best experimental conditions chéseperform the CC pre-
treatment were: 20 and 25 ¢ lime concentration; 2.5 h assay duration; stirring
speed of 100 rpm. These optimized lime concentiatiare higher than those
usually found in literature [24-27]. This can beedo the different characteristics
of the sanitary landfill leachate used.
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Figure 1. Experimental results for the COD removal in thé &ssays performed with
different stirring speed and assay duration, aitmee Iconcentration of 15 g, and
(inset) different lime concentration, at a stirrsjgeed of 100 rpm during 2.5 h.

The results of the EO experiments performed witingas pre-treated with CC

are shown in Fig. 2 and in Table 3. From Fig. 2am be seen that COD removal
is more influenced by the current intensity appliedhe EO process than by the
lime concentration added in the CC pre-treatment.

Fig. 2 also includes the COD theoretical decaycudated for the two current

intensities, using Eg. (1), where Coénd CODRare the initial COD and COD at
time t, in mg L, | is the current intensity, in A, F is the Fanadanstant, 96485

C mol?, V is the solution volume, in fnand t is the time, in s. From the
theoretical lines, it can be inferred that the entrefficiency decreases with the
increase of current intensity, since the deviatioetween theoretical and
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experimental curves is higher for the assay ruthathighest applied current
intensity.

I
CDD‘t:CDDU_mt I:])

Table 2 Experimental results for the chemical coagulatamsays performed with
different lime concentrations, stirring speed o 1pm and 2.5 hours duration.

Lime concentration / g L

Parameter
10 15 20 25
cop 1.3+0.1 1302 1.6£0.2 1.740.2
BODs 0.70% 0.05 067005 065007 065 002
Removal DOC 0.30+ 0.04 03% 0.03 046 0.04  0.45 0.04
/LY DIC 1.11+ 0.02 1126003 1126002  1.12:0.05
™ 018+003  0.196:0.001 0.1%002  0.2%0.03
TKN 0.118+0.001 013003 015004  0.15 0.05
TAN 0.03% 0.03 003001 005002 0.03& 0.005
, pH 12.90.1 13.1+ 0.1 132601 132602
Final Cond./ mS 155+ 0.8 17.8: 0.1 189t 0.6 19508
Jaltms / 5+ 0. & 0. 9 0. 5 0.
BODs/COD 0.54 0.50 0.41 0.38

— EO (0.4 A) after CC ([Ca(OH),]=20g L")
«+O++ EO (0.6 A) after CC ([Ca(OH),] =20 g L")
—m— EO (0.4 A) after CC ([Ca(OH),] = 25 g L)
.-@-+ EO (0.6 A) after CC ([Ca(OH),] = 25 g L")
—— Theoretical line for EO (0.4 A)
------ Theoretical line for EO (0.6 A)

0.8

0.6

COD / COD,

0.4

0.2

0.0

t/h
Figure 2. Experimental and theoretical relative COD as a tioncof time for the EO
assays performed at 0.4 and 0.6 A with leachateplesmsubmitted to a CC pre-
treatment performed at different coagulant conegioins (20 and 25 gtof lime).

DOC and TN removals present a similar behaviouthtda of COD (Table 3).
Regarding TKN and TAN parameters, they presentdrighmovals than TN,
indicating that nitrates are still present in silntat the end of the assays. For all
the conditions tested, TKN and TAN removals in teenbined treatment were
around 100%.

During the EO process, the pH returned to its nagvalue and the conductivity
values dropped drastically, which can be attributethe formation of carboxylic
acids during the oxidation of the organic matterd @0 the deposition on the
cathode surface of reduced ionic species, resggtiv
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Table 3 Experimental results for the EO assays perforraeddifferent current
intensities with samples from the CC pre-treatmepésformed with 20 and 25 g'L
lime concentration.

Chemical coagulation Lime concentration / g L?
pre-treatment 20 25
Parameter Applied current intensity / A
0.4 0.6 0.4 0.6

CoD 2.0+0.1 2.1+ 0.1 1.97+0.08 2.19:0.09
DOC 0.55+ 0.04 0.70t 0.05 0.62: 0.05 0.7t 0.07
R/eénlf’_‘l’a' ™ 0.71+ 0.05 0.7%0.05  0.750.04 0.770.04
TKN 0.83+ 0.04 1.04+ 0.05 0.84 0.04 0.8#0.03
TAN 0.77+£0.02 0.94+ 0.03 0.82: 0.04 0.8#0.03

Final pH 8.3+0.2 8.4+ 0.1 8.5+0.1 8.4+ 0.2

values  Conductivity / mS cr 6.9+ 0.5 7.2£0.4 8.7+ 0.7 8.7+ 0.6

Conclusions

According to the obtained results, the applicatioh combined chemical
coagulation and electrochemical oxidation seemsiliésa for the treatment of
leachates from sanitary landfills. The addition lohe promotes good COD
removals, although the removals of the differertrogien forms are small,
particularly for the total ammonia nitrogen. Als@n increase in the
biodegradability is noticed by the addition of lime

EO treatment, using pre-treated leachate by CC lwith, results in high COD
removals and complete TKN and TAN removals.

Attending to the lime consumption and the energstcwvith stirring, during the
CC pre-treatment, and with the EO process, the favstrable conditions found
for the combined treatment were CC with 20§ df lime at 100 rpm stirring
speed, during 2.5 h, followed by EO at 0.4 A, dgrénh.
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