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bstract

In this paper, treatment of leachate by electrocoagulation (EC) has been investigated in a batch process. The sample of leachate was supplied
rom Odayeri Landfill Site in Istanbul. Firstly, EC was compared with classical chemical coagulation (CC) process via COD removal. The first
omparison results with 348 A/m2 current density showed that EC process has higher treatment performance than CC process. Secondly, effects
f process variables such as electrode material, current density (from 348 to 631 A/m2), pH, treatment cost, and operating time for EC process are
nvestigated on COD and NH4-N removal efficiencies. The appropriate electrode type search for EC provided that aluminum supplies more COD

emoval (56%) than iron electrode (35%) at the end of the 30 min operating time. Finally, EC experiments were also continued to determine the
fficiency of ammonia removal, and the effects of current density, mixing, and aeration. All the findings of the study revealed that treatment of
eachate by EC can be used as a step of a joint treatment.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Leachate has a complex structure and high pollutant load,
nd its treatment is quite hard to supply the discharge stan-
ards. Leachate becomes ahead of wastewaters as being the
ost difficult to treat as it is a wastewater with a complex and
idely variable content generated within a landfill. Therefore,
any pretreatment and combined treatment methods have been

roven to treat leachate. By today, many treatment methods for
ts treatment have been proven. Some treatment stories such as
iological treatment methods [1], membrane processes [2–4],
dvanced oxidation techniques [5,6], coagulation–flocculation

ethods [7], lagoon and wetland applications [8] have been

xamined in the literature. Because its characteristics change
ith advancing years of the landfill, these test methods have

∗ Corresponding author. Tel.: +90 212 2597070x2836; fax: +90 212 2619041.
E-mail addresses: filhan@yildiz.edu.tr (F. Ilhan), ukurt@yildiz.edu.tr

U. Kurt), apaydin@yildiz.edu.tr (O. Apaydin), gonul@yildiz.edu.tr (M.T.
onullu).
1 Tel.: +90 212 2597070x2818; fax: +90 212 2619041.
2 Tel.: +90 212 2597070x2968; fax: +90 212 2619041.
3 Tel.: +90 212 2597070x2347; fax: +90 212 2619041.

a
r
s
a
r
r
a
p
t
a
f

304-3894/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2007.10.035
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roubles such as decreasing treatment efficiencies and increas-
ng cost [5]. Therefore, the implementation of a joint treatment
omprising of a few treatment steps has been used to solve the
roblem.

In recent years, electrochemical treatment having features
ike relatively more economic and higher treatment efficiency
as been a promising method. EC is one of the simple and effi-
ient electrochemical methods for the purification of many types
f water and wastewaters [9]. In this technique, which is charac-
erized by its simple equipment, easy operation, and decreased
mount of sludge, the coagulant is generated by electrolytic
xidation of an appropriate anode material that leads, at an
ppropriate pH, to the insoluble metal hydroxide which is able to
emove a large variety of pollutants [10]. These metal hydroxide
pecies neutralize the electrostatic charges on suspended solids
nd oil droplets to facilitate agglomeration or coagulation and
esultant separation from the aqueous phase [11,12]. A growing
esearch interest is reported on the treatment of various wastew-
ter types: metal processing wastewaters [13], semiconductor

roduction wastewater [14], textile dyeing wastewaters [15–19],
annery wastewater pre-treatment [20–24], olive mill wastew-
ter [9,10,25], urban wastewater [26], and organics removal
rom poultry slaughterhouse wastewaters [27]. EC has also been
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Table 1
The properties of leachate from Odayeri Sanitary Landfill

Analysis Value

pH 8.2
Flow (m3/d) 2,200
COD (mg/L) 12,860
BOD5 (mg/L) 5,270
BOD5/COD 0.41
TKN-N (mg/L) 2,580
Ammonia-N (mg/L) 2,240
Suspended solids (mg/L) 345
Turbidity (NTU) 1,340
Sulfate (mg/L) 32
Chloride (mg/L) 3,100
A
C
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Experiments were run in a batch reactor consisting of a
0.6 L glass beaker equipped with a cathode and an anode, both
made of iron or aluminum and installed in parallel. The distance
between the electrodes was 6.5 cm. The dimensions of electrodes
82 F. Ilhan et al. / Journal of Haza

orked to treat the landfill leachate by some researchers [28–31].
here is no doubt that high COD and toxic matter in the landfill

eachate are of the most important problems in leachate man-
gement. In particular, it is well known that the landfill leachate
an reach very high COD levels.

The mechanism of EC is extremely dependent on the chem-
stry of the aqueous medium, especially its conductivity. The

echanism of generating ions by EC can be explained with
he examples of iron and aluminum, which was used as both
he anode and cathode in this study. In an electrolytic system,
ron produces iron hydroxide. In the case of iron or steel and
luminum anodes, two mechanisms for the production of the
etal hydroxide have been proposed [11,32,33]. The reactions

re given in Eqs. (1)–(11).

Mechanism 1
Anode

4Fe(s) → 4Fe(aq)
2+ + 8e− (1)

Al → Al(aq)
3+ + 3e− (2)

Chemical

4Fe(aq)
2+ + 10H2O(l) + O2 → 4Fe(OH)3 + 8H(aq)

+ (3)

Al(aq)
3+ + 3H2O → Al(OH)3 + 3H(aq)

+ (4)

Cathode

8H(aq)
+ + 8e− → 4H2 (5)

Mechanism 2
Anode

Fe(s) → Fe(aq)
2+ + 2e− (6)

Chemical

Fe(aq)
2+ + 2OH(aq)

− → Fe(OH)2 (7)

Al3+ + 3OH− → Al(OH)3 (8)

Cathode

2H2O(l) + 2e− → H2 + 2OH(aq)
− (9)

Overall

Fe(s) + 2H2O(l) → Fe(OH)2 + H2 (10)

Al3+ + 3H2O → Al(OH)3 + 3H+ (11)

n the EC application with Fe or Al anodes, it is hoped that the
eactions presented in Eqs. (1)–(11) occur.

The main aim of the work has been to investigate the treat-
ent performance of a landfill leachate by EC technique. The

xperimental work covers the comparison of CC and EC, COD

nd ammonia removal performances under different electricity
urrents and durations for different anode types, formation of
ludge and sulfate ion, variations in pH, temperature and ionic
onductivity, and affects of mixing and aeration.
lkalinity (mg CaCO3/L) 8,700
onductivity (mS/cm) 19.62 (at 23 ◦C)

. Materials and methods

In the experimental study, leachate from the Odayeri Landfill
n Istanbul was used. The Odayeri Landfill was founded in 1995,
nd has served 75 ha area for 8000 tonnes municipal solid waste
MSW) a day since that date. The properties of the leachate were
nalyzed and average values were given in Table 1.

All the experimental analysis was made according to Stan-
ard Methods [34]. COD tests were performed as recommended
n the open reflux method, and ammonia nitrogen tests using the
itration method. Merck analytical quality chemicals were used
n the preparation of reagents. All the runs were performed at
oom temperature.

In the study, a digital dc power supply (GW Instek, GPS
030 DD, 0–30.0 V, 0.0–3.0 A) was used in order to give a regu-
ated electricity current to the electrochemical cell. The pH was

easured by a Jenway 3040 brand a pH-meter.
Fig. 1. Experimental set-up.
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Table 2
The variation of electrical parameters applied during the runs

Voltage (V) Current density (A/m2) Power consumptiona

(kW-h/kgCODremoved)

Run 1 8 348 0.46
Run 2 10 435 0.67
R
R
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under the same conditions.

Since the results are related to the dissolved metal ions, they
may be expressed in terms of COD removal efficiency (%)/dis-
solved metal ion (mg). In this way of representation, at the end
un 3 12 524 0.89
un 4 14 631 1.13

a These values are for later than 30 min contact time.

n 2.0 mm thickness were 5.0 cm × 15.0 cm. The total effective
lectrode area is calculated to be (9 cm × 5 cm) 45.0 cm2. The
lectrodes were dipped into the beaker containing leachate with
0.5 L working volume. The experimental set-up used in the

resent study is presented in Fig. 1.
CC process was compared with EC process for using different

oagulant species and dose. The coagulant (Al2(SO4)3·18H2O
s. Fe2(SO4)3·7H2O) doses which were used in CC process are
quivalent to dissolved metal ions in 1, 5, 15 and 30 min for EC
rocess according to Faraday’s Law.

Both methods were tested for metal type, COD removal, and
ludge and sulfate formations. Following this comparison, dur-
ng EC treatment, the variations of some parameters such as pH,
emperature, and conductivity were searched. By taking into
onsideration COD and ammonia removals, more efficient elec-
rode material in the EC experiments was selected. Later, the
ffects of working parameters such as mixing and current den-
ity were also studied to achieve an optimum COD and ammonia
reatment of the leachate sample. Applied current densities have
een shown in Table 2. EC tests with mixing were realized by
magnetic stirrer in a speed of 200 rpm approximately which
as optimum stirring rate according to literature [35]. All the

ontaminant removal performance tests were realized for 1,
, 15, and 30 min electricity application durations. A separate
atch study for each contact duration was made. At the end of
ach EC treatment study, a solution with flocks was allowed
o settle for 60 min in the container before chemical analy-
is. The samples for chemical analysis were taken from limpid
hase. Neither centrifuging nor filtration was performed in this
tudy.

To understand the effect of aeration on ammonia removal
fter EC treatment, 0.25 L/min aeration by an aquarium type
orous material (in 5 �m pore size) producing coarse bubbles
as made. Sludge volume was determined after 1 h settling
eriod following the treatment and the amount of sludge pro-
uced was expressed as the ratio to whole solution. Experiments
ere repeated three times and the experimental error was

round 3%.

. Experimental results and discussion

In this section, results obtained during the study are given
nd discussed. Leachate treatment performance was determined

y both CC and EC processes. This section deals with some
onsiderations about the processes. Moreover, an evaluation of
C process was made via a lot of distinct operational conditions
uch as pH, current density, etc.
Materials 154 (2008) 381–389 383

.1. The comparison with CC and EC processes

Chemical coagulation is a treatment process that has been
uccessfully applied for years. It is most commonly used for
astewaters rich in suspended and settleable material. As a

esult of fundamental processes occurring in EC, coagulation
s succeeded via electrode and electrical current by releasing
coagulant. Ignoring power requirement, the most significant

dvantages of EC are higher removal rate, less sludge produc-
ion and prevention of unnecessary ion transfer into treated
astewater. On the other hand, EC is not a single treatment

tep and is used in combination with electro-flotation and/or
lectro-oxidation (EOx). Besides, EC and EOx are not used
eparately those process occur spontaneously during the EC pro-
ess. This is why high treatment efficiencies are obtained. In use
f chemical coagulants, some anion concentrations in the solu-
ion treated can reach 1000–2000 mg/L, for instance SO4

2− ion
rom Al2(SO4)3·18H2O. This is another aspect that EC has an
dvantage over CC.

In the section, COD removal, sludge production and anion
ncrement were evaluated in order to fully understand the dif-
erence between EC (current density: 348 A/m2) and CC. COD
emoval efficiencies obtained under similar operational condi-
ions are presented in Fig. 2.

It is seen from Fig. 2 that EC is a more reliable process than
C process for COD removal. Because of this, it can be said that
n oxidation process also occurred due to electrical current in
ddition to chemical coagulation in EC process. COD removal
fficiency was obtained as 33% in 30 min contact time with Fe-
lectrode in EC process. On the other hand, the efficiency in
C process was obtained as 22% at the same situations. And

t is noticed that COD removal efficiency was obtained as 45%
n 30 min contact time with Al-electrode in EC process. On the
ther hand, the efficiency in CC process was obtained as 31%
Fig. 2. Comparison of EC (with Al- and Fe-electrode) and CC.
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As a result, in the current section, the operational conditions
such as pH, temperature and conductivity, etc., of EC process
are discussed.
Fig. 3. Comparison of EC and CC processes for sulfate change.

f 30 min, the results of EC-Fe, EC-Al, CC-Fe and CC-Al were
btained as 0.037, 0.136, 0.021 and 0.095 CODremoved/mg metal,
espectively.

In the EC process, pure Fe-ions are introduced to water
y means of electrodes greatly reduces the anion transfer to
ater with respect to chemical coagulation. In this context, a

hange of sulfate concentration in leachate with respect to time
s observed and given in Fig. 3. According to Fig. 3, in the
C process sulfate concentration was decreased gradually from
2 to 1 mg/L for both electrodes. In other words, EC process
akes into account higher efficiency in sulfate removal to be
ver 95% about in 1 min. However in this study removal was
pproximately 30 mg/L for lower initial sulfate concentrations
32 mg/L SO4). Due to the fact that initial sulfate concentration
s very low, it is of importance that no sulfate formation occurs
nstead of removal. In contrast, chemical coagulation involved
ulfate addition to the water instead of sulfate removal. In a study
erformed recently [36], sulfate removal efficiency was obtained
or Al-anode and Fe-anode as 67 and 65%, respectively (contact
ime 5 min, initial sulfate concentration: 100 mg/L and current
ensity: 620 A/m2). On the other hand, in the CC process, sulfate
oncentration increased up to 1300 mg/L due to sulfate coming
rom the coagulants.

Sludge production is also important in these processes. So, the
atio of sludge produced in EC and CC processes were examined
nd presented in Fig. 4.

According to Fig. 5, the least volumetric sludge production
as determined to be in the EC process with Al-electrode. Also,

his figure clearly shows the change of sludge volume produced
ith respect to the increase in pH in EC process.
The results of analyses for leachate treatment have revealed

hat EC is more efficient in COD removal and sludge produc-
ion as well as sulfate production. Also, it is seen that Al is
etter than Fe in the aspects of COD removal and sludge pro-
uction. Although this result proves the advantage of EC process

ver CC process, this topic should be re-studied for other types
f wastewaters. Because, higher conductivity of leachate leads
equired metal ions to get dissolved easily while a wastewa-

F
c

Fig. 4. Comparison of EC and CC processes for sludge ratio.

er with a lower conductivity should be treated under longer
etention times or by adding higher amounts of electrolyte.

It is seen that from the results presented above, the EC method
as many pollutant removal advantages. In the following sec-
ions, experimental findings obtained for further operational
arameters during EC process have been discussed.

.2. Operational conditions of EC process

It was seen in previous sections that COD and sulfate removal
fficiencies were higher in the EC process than the CC process.
ig. 5. Change of pH with different electrodes (Al and Fe) and with different
urrent density (348 A/m2 and 641 A/m2).
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ig. 6. Change of temperature depending on electrode type and applied current
ensities with respect to time.

.2.1. pH
The pH is continuously observed during the study. The results

howed that, depending on the activities of the anode and cath-
de, pH gradually increased due to dominant activities of the
athode. The results are presented in Fig. 5.

From Fig. 5, when current density was 631 A/m2, pH changed
rom 8.1 to 9.5 with Al-electrode and from 8.1 to 9.2 with Fe-
lectrode. When current density was 348 A/m2, pH changed
rom 8.3 to 8.9 with Al-electrode and from 8.3 to 8.7 with
e-electrode.

As seen in the figures, an important change in pH was expe-
ienced in a short period of time. With the consideration that
C will be followed by an ammonia stripping process, the pH
f water is expected to be high after EC. The pH adjustment
rings about an extra operation cost for leachate treatment plants.
herefore, it is said that the increase in pH is a desired result.
l electrodes showed a better efficiency than Fe electrodes did.
he results of 435 and 524 A/m2 studies showed similar pollu-

ant removal efficiencies. According to the results of the study
erformed by Can et al. [19], pH was increased from 6.9 to 7.8
ith 100 A/m2 and in 10 min contact time.

.2.2. Temperature and conductivity
The temperature in the reactor tends to increase during the

tudy as a result of reactions. This increase in temperature as a
esult of electrolytic reactions depending contact time, electrode
ype and applied electrical power is shown in Fig. 6. In addition,
epending on contact time and applied electrical power, electri-
al conductivity also changes. The change in the conductivity is
hown in Fig. 7.
From Fig. 6, when current density was 348 A/m2, temperature
hanged from 23.8 to 25.5 ◦C with Al-electrode and from 23.8
o 25.3 ◦C with Fe-electrode. The temperature tends to increase
s a result of electrolytic reactions.

h
T
a
r

ig. 7. Change of conductivity depending on electrode type and applied current
ensities with respect to time.

When Fig. 7 is examined, it is concluded that conductiv-
ty decreases as a result of electrochemical treatment. When
urrent density was 348 A/m2, conductivity with Al-electrode
as decreased from 19.6 to 18.6 mS, and was decreased from
9.6 to 18.6 mS with Fe-electrode. When current density was
31 A/m2, conductivity was decreased from 19.6 to 18.2 mS
ith Al-electrode, and was from 19.6 to 18.3 mS with Fe-

lectrode. According to the experimental results, increasing
lectrical power has supplied an unremarkable drop in the con-
uctivity.

.2.3. Electrode type
Fe and Al electrodes were compared under similar opera-

ional conditions for COD and NH3-N removals. The results
btained from the experiments for both electrode types are pre-
ented Fig. 8.

As seen in Fig. 8, the performances of electrodes changed
nder similar conditions. Al electrodes showed a higher treat-
ent efficiency than Fe ones on the basis of COD removal. The

ates of COD removals for Fe and Al electrodes obtained were
5% and 56% in 30 min contact time, respectively. Fe electrodes
ransfer higher numbers of Fe ions into solution and they produce
higher amount of sludge. Due to the fact that the costs of both

ypes of electrodes are almost same, it will be a good choice for
igher treatment efficiencies to select Al electrodes. According
o a study performed on diluted leachate (%10) by Inan et al. [25],
OD removal efficiencies with Al-electrode and Fe-electrode
ere obtained 52% and 42%, respectively (pH: 6.2, current den-

ity: 200 A/m2, and contact time: 30 min). Al-electrode has a

igher treatment efficiency than Fe one for NH3-N removal.
he removals of NH3-N were determined to be almost 11%
nd 14% in 30 min contact time for Fe and Al electrodes,
espectively.
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ig. 8. Effects of electrodes on COD and NH3-N removal efficiency (current
ensity: 631 A/m2).

.2.4. Mixing
EC process being an electrochemical treatment method is

ealized by mobilization of ions by means of electricity applied.
uring this process a stable solution medium will be much more

fficient for their mobilization. Mixed medium will cause an
pset of ion mobilization and some uselessly electricity con-
umption. By this consideration, the effects of mixing on the EC
rocess were examined. By this examination, findings shown in

ig. 9 for COD and NH3-N removal were obtained.

It is seen from Fig. 9 that the decrease in the efficiency of COD
emoval by mixing operation was 34% to 20% in the first min,

Fig. 9. Effects of mixing on COD and NH3-N removal efficiency.
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nd from 59% to 44% at the end of 30 min contact time. These
xperimental data supported the above consideration. That is,
ixing operation decreases the efficiency of COD removal.
It is seen from Fig. 9 that the increase in the efficiency of

H3-N removal by mixing operation was only 2% at the end of
0 min contact time.

The objective was to reveal the effects of mixing on treatment
fficiency. Mixing process negatively affected COD removal
fficiency although it increases NH3-N treatment performance.
he main reason for this result is the fact that COD removal is
ccomplished only via EC treatment while NH3-N is removed
ia both EC treatment and stripping action. Mixing operation
nfluences the movement of ions in water (negatively charged
nes towards anode and positively charged ones towards cath-
de) negatively. Considering the fact that mixing may cause
he break up of flocks, mixing is not recommended to be a
ood operation for EC treatment. The treatment efficiency for
H3-N is slightly increased by 2% because ammonia is easily

tripped by mixing. Taking into account these considerations it
as concluded that no mixing should be included in EC treat-
ent process to obtain higher removal efficiencies and to keep

he system operating. Mixing reduces removal efficiency in the
xperiments in which it is applied together with electrodes. EC
nd mixing processes were applied by Alinsafi et al. [17]. The
esults of experiments performed in this manner showed higher
OD removal efficiencies.

.2.5. Current density
Another experimental study was performed to determine the

ffects of operational condition on COD removal efficiency
y changing current density. For this purpose, 8, 10, 12 and
4 V potentials were applied corresponding to 1.5, 2, 2.5 and
A. The treatment efficiency seemed to be slightly increas-

ng with increasing current density. The results are shown in
igs. 10 and 11.

Fig. 10, current density was changed from 348 to 631 A/m2.
hen current density was increased from 348 to 631 A/m2, the

fficiency of COD removal was also increased from 18.3% to
7.3% in the first minute and from 45.5% to 59.1% at the end
f 30 min contact time.

According to Fig. 11, current density was also changed from
48 to 631 A/m2. When current density was increased from
48 to 631 A/m2, the efficiency of NH3-N removal was also
ncreased from 2.8% to 3% in the first min and from 8.8% to
4.3% at the end of 30 min contact time. As a matter of fact, after
he 15 min with the help of the increase in pH and temperature

uch ammonium is converted to ammonia nitrogen is stripped
ith gases formed around the cathode.

.2.6. Cost analysis
Operational costs of electrical current are based on contact

ime. So short contact time is preferred and current density with
ptimum pollutant removal [37]. Therefore, the best operational

ondition is estimated to be work with low current density. The
nergy requirements per cubic meter of leachate and per kilo-
ram COD are shown in Figs. 12 and 13, respectively. It is
oncluded from the figures that the most economical treatment
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compounds in leachate treatment plants is generally accom-
plished via increasing pH along with diffused aeration, which
Fig. 10. Effect of current density on COD removal.

s accomplished under low current density with an ignorable
isadvantage (for this case) of longer required contact time.

As is seen in Figs. 12 and 13 that when current density was
pplied as 348 A/m2, unit energy consumptions were obtained as
2.5 kWh/m3 treated leachate and 0.46 kWh/kg COD removal.
hen current density was applied as 435 A/m2, unit energy

onsumptions were obtained 19.6 kWh/m3 treated leachate
nd 0.67 kWh/kg COD removal. When current density was
pplied as 524 A/m2, unit energy consumptions were obtained
s 28.3 kWh/m3 leachate and 0.89 kWh/kg COD removal. When

2
urrent density was applied as 631 A/m , unit energy con-
umptions were obtained as 39.7 kWh/m3 treated leachate and
.1 kWh/kg COD removal.

Fig. 11. Effect of current density on NH3-N removal.

i

Fig. 12. Energy requirements per m3 of leachate.

.2.7. Ammonia removal via aeration
One of the most important problems in leachate is nitrogenous

ompounds. The treatment of this type of wastewater is difficult
ue to very high ammonia content. The problems are especially
elated to fluctuations in nitrogenous compounds depending
n landfill age. When a leachate treatment plant is designed
nd constructed, these fluctuations in nitrogenous content of
eachate should also be considered. The removal of nitrogenous
s called ammonia stripping. Therefore, during the direct treat-

Fig. 13. Energy requirement per kg COD removed.
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Fig. 14. The effect of aeration and pH on ammonia removal efficiency.

ent of leachate using EC, ammonia concentration in leachate
as observed. 10–15% of ammonia removal was accomplished
epending on current density and contact time. Although this
eems to be low, 250–350 mg/L of ammonia was removed
o accomplish this removal efficiency. To increase ammonia
emoval efficiency, a diffused aeration system with a 0.5 �m pore
ize at 1 L/min air flow rate was applied in this study. Ammo-
ia removal efficiency was increased in this way. In the study,
o improve the pH increase, 6N NaOH was used and pH was
ncreased to 9.6. Only then was the ammonia removal efficiency
long with aeration observed. Ammonia removal efficiency of
4% was accomplished in the first 30 min in this way. The data
btained from the experiment is presented in Fig. 14.

. Conclusion

COD removal efficiency was obtained as 32% in 30 min con-
act time with Fe-electrode in EC process for a current density
f 348 A/m2. On the other hand, the efficiency in CC process
as obtained as 22% at the same as situations. COD removal

fficiency was obtained as 45% in 30 min contact time with Al-
lectrode in EC process. On the other hand, the efficiency in
C process was obtained as 31% in the same situations. In other
ords, EC process takes into account higher efficiency in sulfate

emoval to be over 95% about in 1 min. In the CC process, sulfate
oncentration increased up to 1300 mg/L due to sulfate coming
rom the coagulants. The results of analyses for leachate treat-
ent have revealed that EC is more efficient in COD removal

nd sludge production as well as sulfate production.
When current density was applied as 348 A/m2, unit energy

onsumptions were obtained as 12.5 kWh/m3 treated leachate

nd 0.46 kWh/kg COD removal. When current density was
pplied as 435 A/m2, the unit energy consumptions obtained
ere 19.6 kWh/m3 treated leachate and 0.67 kWh/kg COD

emoval. When current density was applied as 524 A/m2, the

[

[
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nit energy consumptions obtained were 28.3 kWh/m3 leachate
nd 0.89 kWh/kg COD removal. When current density was
pplied as 631 A/m2, unit energy consumptions were obtained
s 39.7 kWh/m3 treated leachate and 1.1 kWh/kg COD removal.

The results showed that over 59% of COD and 14% of ammo-
ia removal were accomplished with 30 min contact time for a
urrent density of 631 A/m2 with aluminum electrode. When
esired, ammonia removal efficiency can be increased up to
4% by means of various modifications (aeration, and alkalin-
ty addition). Considering these results, it is recommended to
se EC for leachate pre-treatment. The increase in pH will dra-
atically decrease the cost of alkalinity addition for ammonia

tripping. When the effect of temperature on ammonia stripping
s considered, the temperature increase in this process is one of
ts advantages. In conclusion, the pre-treatment of leachate is
ccomplished at a low cost in a short period of contact time. It
lso provides effluents with alkaline characteristics and at a high
emperature. The potential conversion of TKN into ammonia
uring EC was also evaluated. In conclusion, ammonia removal
as considered to be satisfactory.
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