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a b s t r a c t

Electrocoagulation (EC) of cattle-slaughterhouse wastewater, which is characterized by (i) high turbidity
(up to 340 Nephelometric turbidity units), (ii) increased chemical oxygen demand (COD) concentration
(4200 mg L−1), and (iii) a dark color, was investigated with the purpose of lowering the turbidity and COD
concentration to levels below the permitted direct-discharge limits. Iron and aluminum were used as
electrode materials. Experiments were conducted to evaluate the effects of current density, initial pH,
and supporting electrolyte (Na2SO4) dosage on the performance of the system. COD removal increased
with increase in current density. The original pH of wastewater (7.8) was found to be preferable for both
the electrode materials. Higher concentrations of Na2SO4 caused an increase in COD removal efficiency,
and energy consumption was considerably reduced with increasing conductivity. Hybrid processes were
luminum
ron

applied in this work to achieve higher COD removal efficiencies. In the case of aluminum electrode, polya-
luminum chloride (PAC) was used as the coagulant aid for the aforesaid purpose. COD removal of 94.4%
was obtained by adding 0.75 g L−1 PAC. This removal efficiency corresponded to effluent COD concentra-
tion of 237 mg L−1, which meets the legal requirement for discharge from slaughterhouses in Turkey. In
the case of iron electrode, EC was conducted concurrent with the Fenton process. As a result, 81.1% COD
removal was achieved by adding 9% H2O2. Consequently, hybrid processes are inferred to be superior to
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EC alone for the removal o

. Introduction

Slaughtering of animals and the production of related prod-
cts are coupled with the need for plenty of clean water and the
mission of polluted water that has to be purified before it can
e discharged into the drainage system. Therefore, slaughterhouse
rocesses in industrialized countries are governed by strict legisla-
ion to protect public health and environment. Wastewater from a
attle slaughterhouse is a mixture of the processing water from
oth the slaughtering line and the cleaning of the guts, which
auses a large variation in the concentration of organic matter. The
ain pollutant in slaughterhouse effluents is organic matter. The
ontributors of organic load to these effluents are paunch, feces,
at and lard, undigested food, blood, suspended material, urine,
oose meat, soluble proteins, excrement, and colloidal particles
1].

Abbreviations: AOPs, advanced oxidation processes; EC, electrocoagulation; EF,
lectro-Fenton; NTU, Nephelometric turbidity unit; PAC, polyaluminum chloride.
∗ Corresponding author. Tel.: +90 222 321 35 50x6418; fax: +90 222 323 95 01.
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The treatment of slaughterhouse wastewater by anaerobic
ethods [2–4] and hybrid systems [5] have been intensively

tudied. Coagulation of slaughterhouse wastewater has also been
tudied by adding aluminum salts and polymer compounds, and
maximum chemical oxygen demand (COD) removal efficiency of
5–75% has been reported [1].

Recently, electrochemical methods such as electrooxidation
6] and electrocoagulation (EC) [7] have been widely used for
he treatment of wastewaters and flue gases [8,9]. The EC of
oultry-slaughterhouse wastewater in a plexiglass reactor using
our parallel monopolar aluminum and iron electrodes was studied
y Kobya et al. [10]. Electrolysis of fowl-slaughterhouse wastewa-
er using cast iron electrodes to minimize odors and organic matter
as studied by Marconato et al. [11].

The formation of highly effective coagulants is made possible
y the reaction of aluminum or iron ions (resulting from the dis-
olution of the anode) with the hydroxyl ions produced at the

athode. The reactions occurring within the experimental setup
ay be summarized in Table 1. As seen from Table 1 amorphous
l(OH)3(s) flocs having large surface areas formed in aluminum
node are active in rapid adsorption of soluble organic compounds
nd trapping of colloidal particles and are easily separated from

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:utezcan@anadolu.edu.tr
dx.doi.org/10.1016/j.jhazmat.2008.08.045
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Nomenclature

C COD concentrations after electrocoagulation
(mg L−1)

C0 COD concentrations before electrocoagulation
(mg L−1)

CNa2SO4 concentration of the Na2SO4 (M)
COD chemical oxygen demand (mg L−1)
EEC electrical energy consumptions (kWh m−3)
I current (A)
j current density (mA cm−2)
RE removal efficiency (%)
t time (h)
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v volume of solution (m3)
V potential (V)

queous medium by sedimentation or H2 flotation [12]. However,
epending on the pH of the aqueous medium other ionic species,
uch as Al(OH)2+, Al2(OH)2

4+ and Al(OH)4
− may also be present in

he system [13]. In the iron electrode two mechanisms have been
roposed for the production of Fe(OH)n where n = 2 or 3 as seen
rom Table 1. The Fe(OH)n(s) formed remains in the aqueous stream
s a gelatinous suspension, which can remove the pollutants from
astewater either by complexation or by electrostatic attraction,

ollowed by coagulation [13].
EC of wastewater from a cattle slaughterhouse using a sacrifi-

ial anode made either from iron or aluminum is described in this
rticle. The purpose of this work was to investigate the feasibility
f treating cattle-slaughterhouse wastewater by EC to achieve the
equired legal direct-discharge limit of COD which is 250 mg L−1

n Turkey for the slaughterhouse industry effluents [14]. The influ-
nce of the operating variables such as pH, current density, and
upporting electrolyte (Na2SO4) dosage on the removal efficien-
ies of COD and turbidity were also determined. Hybrid systems
i.e. an electro-Fenton (EF) process in the case of iron anode and
ddition of polyaluminum chloride (PAC) as coagulant aid in the
ase of aluminum electrode) were also investigated to compare the
fficiencies of the processes. The electrical energy consumed per
nit volume of treated wastewater (EEC) has been calculated for
ifferent experimental conditions.

. Experimental studies
The wastewater used in this work was taken from the
ocal cattle-slaughterhouse processing plant located in Eskisehir,
urkiye. Although the quality of the effluent was variable, it was
ighly colored and typically had a pH of 7.8, COD of 4200 mg L−1,

r
e

c
t

able 1
he reactions occurred at aluminum and iron electrode and in the solution [13]

luminum electrode

Anode
In the solution

ron electrode

echanism 1
Anod

4Fe(s) → 4Fe(aq)
2+ + 8e−

In the solu
4Fe(aq)

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

Cathod
8H(aq)

+ + 8e− → 4H2(g)
Fig. 1. Experimental setup.

urbidity of 340 Nephelometric turbidity units (NTU), and conduc-
ivity of 3.2 m S cm−1.

The pH was adjusted to a desired value using 1N H2SO4 and
N NaOH solutions. A specific amount of supporting electrolyte
0.1, 0.05, 0.025 and 0.01 M Na2SO4) was added to the wastewa-
er to increase the conductivity and to facilitate EC. PAC (0.1, 0.3, 0.5
nd 0.75 g L−1 PAC) obtained from the local wastewater-treatment
acility was used as the coagulant aid with an aluminum electrode
hereas H2O2 (3, 6 and 9%) was used for the same purpose with an

ron electrode.
The electrochemical system consists of a reactor, a mechani-

al stirrer, and a direct current (dc) power supply (Statron Type
234.4); its schematic representation is shown in Fig. 1. In the
xperiments, the iron anode was used with an iron cathode, and
he aluminum anode was used with an aluminum cathode. The
luminum and iron cylindrical reactors that operated as anodes
ere of 6.6 cm height and had an internal diameter of 10.8 cm. The
echanical stirrer (Heidolph RZR 2102) consisted of two blades and

perated as the cathode; it was dipped into the reactor containing
astewater. It was also used to maintain uniform composition and

o enable the agglomeration of flocs in the solution by rapidly stir-
ing the mixture at 100 rpm. The performance of the reactor was

valuated in the batch mode.

In each run, wastewater (0.3 L) was poured into the electrolytic
ell, and the pH, conductivity, and current density were adjusted
o the desired value. The reaction was started by switching the dc

Al → Al(aq)
3+ + 3e−

Al(aq)
3+ + 3H2O → Al(OH)3 + 3H(aq)

+

nAl(OH)3 → Aln(OH)3n

Mechanism 2
e

Fe(s) → Fe(aq)
2+ + 2e−

tion
Fe(aq)

2+ + 2OH(aq)
− → Fe(OH)2(s)

e
2H2O(l) + 2e− → H2(g) + 2OH(aq)

−
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ower supply on, and the entire EC process lasted about 1 h. At the
nd of the run, the stirrer and inside reactor were washed thor-
ughly with 0.1 M HCl and then with distilled water to remove any
olid residues on the surfaces and dried. Samples from the efflu-
nt were taken at 10-min intervals and centrifuged (Hettich EBA
0) at 5000 rpm for 3 min; after digestion of the resulting super-
atant using the Hach COD Digestion Reagent, the solution was
nalyzed for COD using a Hach DR/2000 spectrophotometer. Tur-
idity, conductivity, and pH were determined in supernatant liquid
y means of turbidimeter (Hach 2100 P), conductimeter (Inolab
ond., Level 1), and pH meter (Orion 420 A), respectively. All the
amples were analyzed in duplicate to ensure data reproducibility,
nd an additional measurement was carried out, if necessary.

. Results and discussion

The effects of parameters such as pH, current density, supporting
lectrolyte dosage, amount of coagulant aid, and H2O2 concentra-
ion have been evaluated under specific conditions for a constant
eaction time.

The calculation of removal efficiency (RE%) after EC and the
lectrical energy consumed per unit volume of treated wastewater
EEC) was calculated using the Eqs. (1) and (2), respectively.

E% =
(

C0 − C

C0

)
× 100, (1)

here C0 and C are the concentrations of COD before and after EC,
espectively, in mg L−1and

EC = VIt

v
, (2)

here EEC is the electrical energy consumption (kWh m−3), V is
he potential (V), I is the current (A), t is the time (h), and v is the
olume of solution (m3).

.1. Effect of initial pH

The pH of raw wastewater can have either a positive or a negative
nfluence on the treatment efficiency as it affects the stability of
arious hydroxide species that are formed. Likewise, a change in
H can modify the surface charge of particles and greatly influence
he removal of colloidal dispersed organics from solution [15]. Al3+

ons on hydrolysis may generate hydroxyaluminum species. At pH
4 aqueous complex Al(H2O)6

3+ is predominant. Between pH 5 and
the predominant hydrolysis products are Al(OH)2+ and Al(OH)2

+;
etween pH 5.2 and 8.8 the solid Al(OH)3 is most prevalent; and
bove pH 9 the soluble species Al(OH)4

− is the predominant and
he only species present above pH 10. [16,17].

Similarly, ferric ions generated by electrochemical oxidation of
ron electrode may form monomeric species (Fe(OH)2+, Fe(OH)2

+,
e(OH)6

3+, Fe(H2O)5OH2+, Fe(H2O)4OH2
+, Fe(OH)3, and Fe(OH)4

−),
nd polymeric species (Fe2(H2O)8OH2

4+, Fe2(H2O)6OH4
2+),

epending on the pH of the aqueous medium in the EC process.
he complexes (i.e. hydrolysis products) have a pronounced ten-
ency to polymerize at pH 3.5–7.0. Under very acidic conditions
pH <2.0), Fe(OH)6

3+ remains in solution, but as the pH or the
oagulant concentration rises, hydrolysis occurs to form Fe(OH)3(s)
18].

The effect of initial pH on COD removal at 20 mA cm−2 in the
resence of 0.05 M Na2SO4 was examined at the pH values of 7.8

original pH), 5.0, and 9.0 for the aluminum electrode and at pH
alues of 7.8, 4.0 and 9.0 for the iron electrode. In all experiments,
H was not controlled but monitored throughout the electrolysis.
enerally, similar trends were observed using both the electrodes,
s observed in Fig. 2. The removal efficiency clearly increased with

p
a
p
t
t

ig. 2. Effect of initial pH on COD removal for iron and aluminum electrodes. j:
0 mA cm−2, CNa2SO4

: 0.05 M.

n increase of pH from an acidic pH to 7.8 and subsequently dropped
t pH 9.0. Because the coagulant could not be produced efficiently
t low and high pH values as described above, the adsorption of
rganic pollutants could not take place. The maximum COD removal
fficiency was 78.8% for the aluminum electrode and 68.5% for the
ron electrode at pH 7.8 after a period of 60 min. Similar results were
btained with an iron electrode by Daneshvar et al. [19] and with
n aluminum electrode by Yılmaz et al. [20].

Furthermore, the final pH of wastewater was increased during
he EC process as observed by previous research [7] because of
ydroxyl anions generated in the cathode as shown in Eq. (3). As
een in Fig. 3 the final pH of the treated wastewater was seen to
ncrease with an increase in the initial pH and a sharp increase
ccurred in a very short period in case of lower initial pH’s. Final
H of 8.76 and 9.05 were obtained at initial pH of 7.8 for Al and
e electrode, respectively. According to Turkish Directive on Water
ollution Control [14], the discharge limit is between 6 and 9 pH
or the slaughterhouse and meat processing plants. Consequently,
he treated wastewater can directly discharged into natural aquatic
treams without any pH adjustment.

H2O + 2e− → H2(g) + 2OH− (3)

Turbidity was effectively removed from the electrocoagulated
nd flocculated wastewater through charge neutralization using
he Fe2+ or Fe3+ and Al3+ ions produced during electrolysis, followed
y the agglomeration of colloidal particles. The pH dependency
f turbidity removal is represented in Fig. 4. As seen from Fig. 4,
urbidity change with initial pH was less sensitive at Al electrode
ompared to the Fe electrode. Treated wastewater with iron elec-
rodes appeared greenish first, and then turned yellow and turbid
ue to the Fe2+ and Fe3+ while with aluminum electrodes the efflu-
nt was found very clear and stable [21]. The best performance was
btained at pH 7.8 for both electrode materials. The turbidity of
he solution (340 NTU) was reduced dramatically, down to 3 NTU
ith aluminum electrode and to 33.6 NTU with the iron electrode,
ithin 10 min of reaction at the original pH of 7.8. In conclusion,
H 7.8 is preferable for COD removal using both electrode materi-

ls, which is also beneficial for turbidity removal. Thus, the initial
H of wastewater need not be adjusted for the EC process as well as
he final pH of treated wastewater to discharge the aquatic streams;
hus, the additional cost of adjusting pH can be avoided.
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Fig. 3. The changes in the pH’s according to th

.2. Effect of current density

The supply of current to the EC system determines the amount
f Al3+ or Fe2+ ions released from the respective electrodes and
he amount of resulting coagulant. Thus, more Al3+ and Fe2+ ions
et dissolved into the solution and the formation rate of M(OH)n
s increased. The influence of current density on the COD removal
ates was investigated at the original pH with 0.05 M Na2SO4. COD
emoval rapidly increases on increasing the current density dur-
ng the first 10 min; after this time, the removal efficiency scarcely
ncreases (Fig. 5). This effect is also observed during the EC of

ig. 4. Effect of initial pH on turbidity removal for iron and aluminum electrodes. j:
0 mA cm−2, CNa2SO4

: 0.05 M.

ig. 5. Effect of current density on COD removal for iron and aluminum electrodes.
H: 7.8, CNa2SO4

: 0.05 M.

n
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tment times. j: 20 mA cm−2, CNa2SO4
: 0.05 M.

astewater from vegetable-oil refineries using iron electrode [7].
sing an aluminum electrode at 25 mA cm−2, COD removal of 81.7%
as achieved whereas COD removal was 65.4% at 10 mA cm−2. In

he case of iron electrode, COD removal increased from 63.8 to 70.2%
y increasing the current density from 15 to 25 mA cm−2. For the
luminum electrode, the effect of current density was more pro-
ounced on COD removal. In both cases, the current density had
lmost no effect on the turbidity removal, yielding efficiencies of
etween 99.1 and 99.4% for the aluminum electrode and between
4.4 and 97.6% for the iron electrode within 10 min. Increasing the
urrent supplied to a fixed electrode configuration reduces the time
equired to treat a specific quantity of effluent to obtain the desired
uality.
The effect of the current density on the EEC during the EC process
s presented in Fig. 6. For both the electrode materials, electrical
nergy consumption increased more rapidly as the current density
ncreased. Because the applied potential increased by increasing

ig. 6. Effect of current density on EEC for iron and aluminum electrodes. pH: 7.8,

Na2SO4
: 0.05 M.
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rbidity removal (b) at aluminum electrode. pH: 7.8, j: 20 mA cm−2.
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Fig. 7. Effect of salt concentration on COD removal (a) and tu

he current density, EEC also increased. However, EEC increased
xponentially whereas the potential and current increased linearly.
hus, when the optimal current density and potential have been
elected, either higher removal rate or lower energy consumption
an be preferred.

In the case of aluminum electrode, COD removal of 81.7%
as achieved within 1 h, with maximum EEC of 399 kWh m−3 at
5 mA cm−2. However, at 10 mA cm−2, a maximum COD removal
f 65.4% was achieved with lower EEC of about 138 kWh m−3. In
he case of iron electrode, a COD removal of 70.2% was achieved
ith electrical energy consumption of 124 kWh m−3 at 25 mA cm−2

hereas COD removal was 63.8% with an EEC of 83 kWh m−3 at
5 mA cm−2.

.3. Effect of supporting electrolyte concentration

The conductivity of wastewater can influence the electrochem-
cal treatment because it facilitates the passage of current. To
valuate the effect of the supporting electrolyte concentration on
emoval of COD and turbidity at 20 mA cm−2 by an aluminum elec-
rode, different quantities of Na2SO4 were added. The results are
hown in Fig. 7. As the Na2SO4 concentration increased, the conduc-
ivity of the electrolyte was expected to increase correspondingly.
he COD removal efficiency decreased from 86.4 to 50.5% after
0 min when the salt concentration was increased from 0.01 to
.1 M. This decrease in the COD removal efficiency may be due
o the fact that the excess SO4

2− ions interact with hydroxyl ions
nder high salt concentrations. Furthermore, excess SO4

2− ions
ay inhibit the localized corrosion of aluminum electrodes, lead-

ng to a lower COD removal efficiency. Similarly, turbidity removal
lowly increased from 98.82 to 99.71% (corresponding to effluent
urbidities of 4 and 1 NTU, respectively) by decreasing the salt con-
entration from 0.1 to 0.01 M.

The effect of Na2SO4 concentration on EEC is shown in Fig. 8. As
he conductivity increased, the EEC was considerably reduced. With
he aluminum electrode, the EEC of 547 kWh m−3 at 0.01 M Na2SO4
ecreased to 158 kWh m−3, with increasing Na2SO4 concentration
p to 0.1 M. However, COD removal decreased with increase in the
alt concentration. As the necessary voltage to achieve the fixed
urrent density is diminished, the electrical energy consumed is
ecreased. When the conductivity of the solution increases, the
eduction of IR (IR: ohmic voltage losses in all components of
he electrochemical system) drop decreases, therefore the volt-
ge necessary to reach a certain current density is correspondingly
iminished, and consequently, the electrical energy consumed is

lso decreased. Similar effects on the EEC with increase in con-
uctivity were previously reported by Tezcan Ün et al. [17] and
aneshvar et al. [22].

Consequently, excess electrolyte imposes energy demands on
he system without any significant effect on the performance (%

f
P
e
d
s

ig. 8. Effect of salt concentration on EEC for aluminum electrode. pH: 7.8, j:
0 mA cm−2.

OD removal). Furthermore, the costs attributed to sludge disposal
ncreases correspondingly due to volume augmentation. To avoid
eat generation and high energy consumption, 0.05 M Na2SO4
as chosen as the supporting electrolyte concentration for fur-

her experiments. Similarly, 0.05 M Na2SO4 was also used as the
upporting electrolyte for the iron electrode.

.4. Effect of PAC concentration

To increase the performance of the aluminum reactor and to
btain dischargeable effluents, PAC was intended to be used as
he coagulant aid. Therefore, PAC was added to the wastewater to
chieve particle instability and increase in the particle size, conse-
uently achieving effective removal of organic substances present
s COD.

Electrochemical treatment was started immediately after addi-
ion of PAC in to the wastewater. The results obtained from
rocessing at 20 mA cm−2 are shown in Fig. 9. For an operating
ime of 60 min, 81.1%, 84.0%, 92.1%, and 94.4% COD removal were
btained for 0.1, 0.3, 0.5, and 0.75 g L−1 PAC, respectively, in the
resence of 0.05 M Na2SO4. The removal efficiency of 94.4% corre-
ponds to COD concentration of 237 mg L−1 in the effluent, which
eets the legal requirement of 250 mg L−1 for COD discharge by the

laughterhouse industry in Turkey. Similar results were obtained in
revious reports concerning the EC of wastewater from vegetable-
il refinery using aluminum electrodes [17]. An effluent turbidity
f 1 NTU was obtained (corresponding to 99.7% turbidity removal)
or both 0.3 and 0.5 g L−1 PAC. Moreover, any further increase in

AC concentration caused no improvement in the removal of efflu-
nt turbidity. The color change of cattle-slaughterhouse wastewater
uring EC in relation to time was observed with the naked eye, as
hown in Fig. 10.
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Fig. 9. Effect of PAC concentration on COD removal (a) and turbidity remova
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ig. 10. Color change in the effluent with electrolysis time. pH: 7.8, j: 20 mA cm−2,

Na2SO4
: 0.05 M, 0.75 g L−1 PAC. (For interpretation of the references to color in this

gure legend, the reader is referred to the web version of the article.)

.5. Electro-Fenton process

Recently, more efficient processes, such as advanced oxida-
ion processes (AOPs), for different kinds of wastewater have been
xtensively investigated. Among these AOPs, Fenton oxidation is
articularly attractive because of its high efficiency of removal of
rganics and its simplicity, without requiring any special equip-
ent. The ferrous or ferric ions react with H2O2 to generate

ydroxyl radicals (•OH), which is a nonselective strong oxidant [23].

2O2 + Fe2+ → Fe3+ + •OH + OH− (4)
Various EF oxidation processes such as EF–FeRe, EF–FeOx;
F–H2O2–FeRe, and EF–H2O2–FeOx have been defined (Re implies
egeneration in the oxidation process) [24]. In EF–FeRe, both H2O2
nd Fe2+ are externally applied while, simultaneously, Fe2+ is
ontinuously regenerated at the cathode. In EF–FeOx; H2O2 is

w
a
[
c

Fig. 11. Effect of H2O2 concentration on COD removal (a) and turb
l (b) at aluminum electrodes. pH: 7.8, j: 20 mA cm−2, CNa2SO4
: 0.05 M.

xternally applied whereas a sacrificial Fe anode is used as the
e2+ source. Moreover, Fe2+ may be continuously regenerated at
he cathode depending on the setup of the electrolytic cell. In
F–H2O2–FeRe, both H2O2 and Fe2+ are concurrently generated
t the cathode, with the primary focus on H2O2 generation. In
F–H2O2–FeOx, H2O2 is generated at the cathode whereas a sac-
ificial Fe anode supplies Fe2+ [24].

Although there are many reports on using the electro-Fenton
rocess for treatment of both wastewater containing organic pol-

utants such as landfill leachate [25], pesticides (atrazine [26]),
erbicides [27] (picloram [28]) and wastewater from alcohol dis-
illeries [29], no study has paid attention to the application
f this process for the treatment of slaughterhouse wastewa-
er.

In this portion of the study, to further capitalize on the dissolved
e ion present in the bulk phase, H2O2 was added externally to the
lectrolytic reactor whereas a sacrificial iron anode was used as
he ferrous ion source (EF–FeOx). The addition of hydrogen per-
xide at the beginning of the experiments resulted in the rapid
nd efficient production of hydroxyl radicals. The effect of different
mounts of H2O2 on wastewater processing was investigated, and
he results are shown in Fig. 11. COD removal efficiencies of 73.8%,
8.7%, and 81.1% were obtained by adding 3%, 6%, and 9% H2O2,
espectively, whereas COD removal was 68.6% without H2O2 addi-
ion. The turbidity removal efficiency was over 91% corresponding
o all concentrations of H2O2, as for example, an outlet turbidity of
8 NTU was achieved by adding 9% H2O2. The effects of hydroxyl
adicals originated from H2O2 produced rapidly caused the rapid
emoval of COD and turbidity at the beginning of the experiments.
s the concentration of COD and turbidity decrease with time,
emoval rate also decreased as expected as seen from Fig. 11(a)
nd (b). Thus, the electro-Fenton method can be concluded to have
as achieved in comparison with the COD removal obtained from
previous study by the EC of wastewater from olive-oil processing

23]. Thus, this investigation verified that the removal efficiency
ould be promoted by coupling the Fenton reaction with EC.

idity removal (b) at iron electrodes. pH: 7.8, j: 20 mA cm−2.
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. Conclusions

In this study, the electrochemical treatment of cattle-
laughterhouse wastewater by EC using aluminum and iron
lectrodes was investigated. The effects of the different operational
arameters on the removal of COD and turbidity were analyzed. The
ollowing conclusions can be drawn from the experimental results:

A pH of 7.8 (the original pH of the wastewater) is preferable for a
high COD removal using both electrode materials, which is addi-
tionally beneficial for turbidity removal.
According to the results obtained from the above experiments,
the removal efficiencies increased by increasing the current den-
sity for both aluminum and iron electrodes. Moreover, the energy
consumption increased by increasing the current density. Al
electrodes showed a higher efficiency of COD removal than Fe
electrodes.
Different Na2SO4 concentrations were used to increase the ionic
conductivity of the wastewater and to minimize EEC. An increase
in conductivity caused a decrease in EEC. On the contrary, it was
found that higher concentration of Na2SO4 caused a reduction in
the removal of COD from wastewater.
To obtain a higher COD removal efficiency, the feasibility of hybrid
processes were investigated. In the case of aluminum electrode,
EC was carried out with PAC as the coagulant aid. From the
results, removal of COD from wastewater was shown to be effec-
tive with a PAC dosage in the range of the current investigation.
COD removal of 94.4% was obtained at 0.75 g L−1 PAC correspond-
ing to 237 mg L−1 effluent COD concentration, which met the legal
discharge requirement for slaughterhouse industries in Turkey.
Consequently, dischargeable effluent was obtained by applying
EC together with the addition of 0.75 g L−1 PAC.
In the case of iron electrode, EC was carried out along with the
Fenton process. COD removal of 81.1% was obtained by adding
9% H2O2. This investigation verified that the removal efficiency
could be promoted by coupling the Fenton reaction with EC.
Consequently, it can be inferred that EC is a comparatively suit-
able process for removal of both COD and turbidity using either
aluminum or iron electrodes to effectively treat slaughterhouse
wastewater. However, the aluminum electrode is found to be
more suitable than the iron electrode considering the removal
efficiencies of each with respect to both COD and turbidity.
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