¢! Desalination and Water Treatment
www.deswater.com

o doi: 10.5004/dwt.2017.20556

71 (2017) 152-158
April

Treatment of ointment pharmaceutical wastewater

by electrocoagulation process

S. Khaldi?, H. Lounici*®, M. Drouiche?, N. Drouiche®<*

“Unité de Recherche URIE, Ecole Nationale Polytechnique d’Alger, BP 182-16200, El-Harrach, Algiers, Algeria,
emails: hakim_lounici@yahoo.ca (H. Lounici), mdrouiche@yahoo.fr (M. Drouiche)

"Department of Chemistry, University of Bouira, Bouira, Algeria

‘CRTSE-Division CCSM- N°2, Bd Dr. Frantz FANON, P.O. Box 140, Alger sept merveilles, 16038, Algeria,
emails: drouichenadjib@crtse.dz, nadjibdrouiche@yahoo.fr (N. Drouiche)

Received 2 November 2016; Accepted 1 February 2017

ABSTRACT

In the present study, electrocoagulation process was investigated for the removal of chemical oxygen
demand (COD) and turbidity from ointment pharmaceutical wastewater in batch operation under
different conditions. The effects of solution temperature, type of electrode pair, current density,
conductivity and initial COD concentration on the removal efficiency of COD and turbidity were
investigated. Experimental results indicated that the removal efficiency of COD and turbidity are
95% and 98%, respectively, found with the use of Fe/Al as electrode pair and the specific energy
consumption was 0.48 kWh/kg COD after 20 min of electrolysis time. The optimum temperature,
current density, conductivity and initial COD concentration were found to be 298 K, 15.56 mA/cm?,

3.20 mS/cm and 5,000 mg/L, respectively.
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1. Introduction

Different pharmaceutical products are used vastly to
protect human and animal life, and drug consumption
increases with the increase of diseases. When released into
the environment, the pharmaceutical products become
dangerous and toxic. Many researchers have reported the
presence of pharmaceutical products in superficial water [1],
in surface water [2] and underground water [3]. The toxicity
of pharmaceutical wastewater is localized in the apparition of
other bacteria in nature [4] and the feminization of fish, which
was the first source of the alimentary chain of humans [5].

Pharmaceutical wastewater was treated first by a
biological treatment, but it is not efficient for the treatment
of wastewater with chemical oxygen demand (COD) higher
than 4,000 mg/L [6]. The reason for the low efficiency in
inhibition of microbial growth could be the presence of
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the antibiotic aromatic pollutant in the wastewater [7].
The pharmaceutical wastewater was also treated by a
physicochemical treatment [8] and chemical coagulation [9];
these methods need the use of reagents. Other methods are
used to treat the pharmaceutical wastewater like activated
carbon [10], chlorination [11], ozonation [12], perozonation
[13] and photo-Fenton [14], but these methods are expensive.

Electrocoagulation is the method of treatment based on
the formation of coagulant in situ with the use of electrode
consumable and current electric. It is occurring via several
steps such as: electrolytic reactions at electrode surfaces, the
formation of coagulants in the aqueous phase and adsorption
of soluble or colloidal pollutants on coagulants, which are
removed by sedimentation or flotation.

Electrocoagulation has been reported to successfully
treat wastewater of different kinds, cutting oil emulsions
[15], 4-nitrophenol [16], textile wastewater [17,18], arsenic
[19], polyvinyl alcohol [20,21], olive mill wastewater [22],
dye [23-25], laundry wastewater [26], fluoride [27,28],

1944-3994/1944-3986 © 2017 Desalination Publications. All rights reserved.



S. Khaldi et al. / Desalination and Water Treatment 71 (2017) 152158 153

nitrates [29], petroleum hydrocarbons [30], chromium ions
[31], phosphate [32] and other wastewaters. The most widely
used electrode materials in electrocoagulation (EC) process
are aluminum and iron. They give after oxidation trivalent
cation species, which provide better results compared with
the divalent cations [33].

Anode:
Fe  —Fe  * +2e )
Al — Al(aq)3+ +3e” o)
Cathode:
2H,0 +2e" — H,,+ ZOH(aq)’ 3)

The amorphous AI(OH), and Fe(OH), formed from the
combination of Egs. (2) and (3), and (1) and (3), respectively,
has large surface areas, which are beneficial for a rapid
adsorption of pollutants in the solution. Finally, these flocs
are removed from the solution by sedimentation or flotation
by the hydrogen and oxygen bubbles formed at the level of
cathode and anode, respectively.

2. Materials and methods
2.1. Materials

The ointment pharmaceutical wastewater was supplied
by Saidal pharmaceutical factory from Algeria. The
characteristics of the wastewater are summarized in Table 1.

2.2. Experimental apparatus

The experimental setup is shown in Fig. 1. The
electrochemical cell was made of Plexiglas with the
dimensions of 14.0 x 7.0 x 15.5 cm. Two vertical electrode
plates of aluminum or iron with dimensions of 2 mm (thick)
x 60 mm (width) x 120 mm (height) were used: one anode and
one cathode. The total effective electrode area was 16.06 cm?.
A magnetic stirrer has been used for mixing at the rate of
300 rpm in all stages of the study.

Table 1
Characterization of the ointment pharmaceutical wastewater

Parameter

pH 7.89
Chemical oxygen demand (COD) 5,000
(mg/Lof O,)

Nitrates (mg/L) 1.138
Phosphates (mg/L) 7.15
Turbidity (mg/L) 3,280
Color White
Conductivity (mS/cm) 1.9

2.3. Experimental procedure

In this study, 800 cm?® of a pharmaceutical wastewater
was placed in the electrolytic cell. The current density was
adjusted to the desired value (galvanostatic mode). The
run was performed for 60 min. Samples were taken every
5 min interval from the electrocoagulator, filtered through
0.22 pm nylon syringe filter in order to measure COD
concentrations using closed-reflux method and turbidity
with turbidimeter. The electrode was weighed before and
after the run.

2.4. Analytical method

The pH and conductivity were adjusted using NaOH or
H,SO, and NaCl, respectively. The calculation of removal
efficiency (RE%) after EC was calculated using the following
equation:

RE% = (COC;C) 100 )

0

where C; and C are the concentrations of COD before and
after EC in mg/L, respectively.

The electrode consumption (C,_,...) having a unit of kg
Al/m® of wastewater treated is calculated from Faraday’s law
in the following relation:

-3
c _IxtxMx10 5)

electrode
zxFxv

where [ is the current intensity (A); ¢ is the retention time
(s); v is the volume of the treated wastewater (m?®); F is the
Faraday’s constant (96,487 C/mol); M is the mass of aluminum
(26.98 g/mol) and mass of iron (55.847 g/mol); and z is the
number of electron transfer (z,, =z, =3).

s o

Fig. 1. Schematic diagram of the experimental setup.
Note: 1 - Electrolytic cell, 2 - outlet, 3 - pump, 4 —inlet, 5 — power
supply, 6 — cathode and 7 — anode.
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Specific energy consumptions (SEC) can be expressed as:

SEC = UxIxt ©6)
(COD, — COD,)x V

where SEC is the specific energy consumption (kWh/kg of
COD removed); U is the applied voltage (V); I is the current
intensity (A); t is the retention time (h); COD, is the chemical
oxygen demand before treatment (g/L); COD, is the chemical
oxygen demand after treatment (g/L); and V is the volume of
the treated wastewater (L).

3. Results and discussion

The effects of the solution temperature, type of electrode
pair, current density, conductivity of the solution and initial
concentration of COD are investigated on the removal
efficiency of COD and turbidity. The energy consumption
(kWh/kg COD_, . ) is also determined by these factors.

3.1. Effect of solution temperature

Temperature plays an important role in the chemical and
electrochemical relationship; in this study, it varied between
286.5, 298 and 303 K. The effect of the temperature on the
COD and turbidity removal efficiency is presented in Fig. 2
with the use of electrode of aluminum as anode and cathode.
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Fig. 2. The effect of the temperature on: (a) removal efficiency of
COD and (b) removal efficiency of turbidity (I = 15.56 mA/cm?,
d =2 cm, pH=7.89 and conductivity = 4.89 mS/cm, Al/Al).

The results show that COD and turbidity removal
efficiency increase with the increase of times of electrolysis
in all temperatures used and the best removal of COD
and turbidity was found with temperature 298 K. The best
removal efficiency of COD was 84.37% attained after 10 min
of electrolysis times, but the maximum removal efficiency of
turbidity was 93.67% after 35 min of electrolysis times.

The effect of temperature on the removal efficiency of
COD and turbidity after 20 min of treatment and the energy
consumption is presented in Fig. 3.

The result shows that COD removal efficiency increases
from 65% to 84.38% and turbidity removal efficiency
increases from 50% to 73%, respectively, with the increase
of the solution temperature from 286.5 to 298 K, which can
be explained by the increase of mobility and collision of
pollutants with hydroxyl polymers. The removal efficiency
of COD decreases from 84.38% to 33% and turbidity removal
efficiency from 73% to 50%, respectively, when the solution
temperature increases from 298 to 303 K. The reason could
be the increase of the solubility of precipitates formed [22].
The minimum energy consumption was 0.43 kWh/kg COD
found in temperature 298 K because the electrical potential
decreases with the increase of temperature of the solution.

3.2. Effect of type of electrodes

The type of electrode pair is a significant factor affecting
the performance of the EC [16,20,21,34-36], and it depends
on the type of pollutants. Four combinations of iron
and aluminum plates were investigated in this study to
determine the optimum electrode pair. Fig. 4 shows the effect
of the electrode pair on the removal efficiency of COD and
turbidity. As shown in Fig. 4(a), the Fe/Al had the highest
removal efficiency of COD after 15 min of electrolysis time,
followed by the Fe/Fe, Al/Al and Al/Fe anode/cathode pairs.
The best removal efficiency of turbidity was found with the
Fe/Al and Fe/Fe followed by the Al/Al and Al/Fe anode/
cathode pairs as shown in Fig. 4(b).

The removal efficiency of COD and turbidity and
energy consumption after 20 min of electrolysis time are
presented in Fig. 5. The result shows that the minimum
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Fig.3.Effectof solution temperature on COD and turbidity removal
efficiency and on energy consumption (t=20min, I=15.56 mA/cm?,
d=2 cm, pH =7.89 and conductivity = 4.89 mS/cm).



S. Khaldi et al. / Desalination and Water Treatment 71 (2017) 152158 155

energy consumption was 0.41 kWh/kg COD found with
the use of Fe/Al and Al/Fe but the best removal efficiency
of COD. The effect of the type of electrode pair on electrode
consumption is shown in Fig. 6. The results show that the
mass consumption of anode experimental is higher than
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Fig. 4. Effect of the type of electrode pair on: (a) removal efficiency
of COD and (b) removal efficiency of turbidity (I =15.56 mA/cm?,
d=2cm, T=298 K, pH =7.89 and conductivity = 4.89 mS/cm).
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Fig. 5. Effect of electrode materials on COD and turbidity removal

efficiency and on energy consumption (¢t = 20 min, [ = 15.56 mA/
cm?, d=2 cm, T=298 K, pH =7.89, conductivity = 4.89 mS/cm).

the mass anode theoretical consumption with every type of
electrode used. But the difference between them increases
with the use of iron as anode compared with the use of
aluminum as an anode. That can explain the good removal
efficiency of COD and turbidity found with the use of Fe as
an anode, and turbidity was found with the Fe/Al pairs of
the electrode. The coagulant formed with electrode iron can
adsorb more pollutant compared with the coagulant formed
by the use of electrode of aluminum. The mass consumption
of cathode experimental is lower than the mass consumption
of anode experimental. But it is smaller with the use of iron
as a cathode.

3.3. Effect of the conductivity of the solution

Conductivity is an important parameter in the
electrochemical process; it influences the quantity of the
current; and it will be increased by the addition of salt. In
this study, we used the sodium chloride, NaCl; it is varied
between 0.5 and 2 g/L.

The conductivity growth with the increase of the
concentration electrolyte supporting NaCl, contrarily to
the potential it decreases as seen in Fig. 7. The effects of the
conductivity on the removal efficiency of COD and turbidity
are shown in Fig. 8. The result shows that the removal
efficiency of COD and turbidity increases with the increase of
conductivity of the solution from 1.90 to 3.20 ms/cm, but they
stay unchanged when the conductivity increases from 3.20
to 4.79 ms/cm but SEC decreases from 0.44 to 0.41 kWh/kg
COD (Fig. 9).

3.4. Effect of the current density

The current density is the most important parameter
affecting the EC performance; in this study, it is varied
between 7.78 and 28 mA/cm?. Fig. 10 shows the effect of
the current density on the removal efficiency of COD and
turbidity for various electrolysis times. The results show that
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Fig. 6. Effect of the type of electrode pair on electrode consumption

(t=60 min, I =15.56 mA/cm? d =2 cm, T =298 K, pH =7.89 and
conductivity = 4.89 mS/cm).
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for all current densities the removal efficiency of COD and
turbidity increased with the increase of the electrolysis time.
The COD and turbidity removal efficiency also increased
when the current density was increased.

At high current densities, the anodic dissolution of iron
increases, which leads to an increase in the amount of iron
metal hydroxides and results in a better COD and turbidity
removal. As the current density increased, the required times
for the EC process decreased; as seen with the 15.56 mA/cm?
of current density, electrolysis time was 15 min for a high
removal efficiency of COD, and turbidity was 95.38% and
95%, respectively.

When there is enough current in the solution, the metal
ions generated by the dissolution of the sacrificial electrode
are hydrolyzed and form a series of metal hydroxides. The
effects of current density on the removal efficiency of COD
and turbidity after 20 min of electrolysis time are shown
in Fig. 12. The results show that an increase in the current
density from 9.3 to 15.56 mA/cm? led to increasing the
removal efficiency of COD from 75% to 95.38% and turbidity
from 80% to 98.05%, but when the current density increases
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Fig. 11. Effect of current density on COD and turbidity removal

efficiency and energy consumption (d = 2 cm, Fe/Al, T =298 K,
pH =7.89, conductivity = 3.20 mS/cm and ¢ = 20 min).
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Fig. 12. Effect of current density on the mass of anode
consumption (d = 2 cm, Fe/Al, T = 298 K, pH = 7.89 and
conductivity = 3.20 mS/cm).

to 28 mA/cm?, the removal efficiency of turbidity decreases to
95%, and removal efficiency of COD decreases to 81%. With
the increase of current density, the concentration of ions Fe®
increases in solution as presented in Fig. 11. That can explain
that when the current density increases the formation of
bubbles of hydrogen and oxygen increase in solution and the
ions Fe** was floated to the surface of the water, he had not the
time to form the coagulant in the solution or the formation of
others complexes between iron and the chlorides.

The effect of current density on electrode consumption
was presented in Fig. 12. The result shows that the mass of
anode consumption experimental is higher than the mass of
anode consumption theoretical and the difference between
them increase with the increase of the current density. That
can be explained by the attack of the electrodes corrosion
pitting by chlorides ions, which were present in solution.

3.5. Effect of initial concentration of COD

The turbidity of the ointment pharmaceutical wastewater
increases with the increase of the COD of this wastewater as
presented in Table 2.

The effect of initial concentrations of COD on the removal
efficiency of COD and turbidity after 20 min of times of
electrolysis is represented in Fig. 13. The results show that
the removal efficiency of COD and turbidity decreased
when the initial concentration of COD had increased that
can cause by less than the required number of coagulant, Fe
(OH) n (s), species generated from the anode electrode for
applied current density. The SEC increases when the initial
concentration of COD increases that can be to the increase of
the potential and the increase of the resistivity of the solution.
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Fig. 13. Effect of initial concentration on COD on removal
efficiency of COD and turbidity and on energy consumption
(d=2cm, Fe/Al, T=298 K, pH =7.89, conductivity = 3.20 mS/cm
and ¢ =20 min).

Table 2

Variation of the pharmaceutical wastewater turbidity over COD
COD (g/L) 5 9.5 20 39
Turbidity (NTU) 3,280 4,624 5,500 6,800
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4. Conclusion

In this research, the performance of an EC in the batch
was investigated with experimental operating parameters
such as the solution temperature, type of electrode pairs,
current density, conductivity and initial COD concentration
to determine the best removal efficiency of COD and
turbidity from the ointment pharmaceutical wastewater. The
results showed that an Fe/Al electrode pair was the most
efficient choice for the best removal efficiency of COD 95%
and turbidity 98.05% after 20 min of electrolysis times with
0.48 kWh/kg COD SEC. The optimum temperature, current
density, conductivity and COD were found to be 298 K, 15.56
mA/cm?, and 5,000 mg O,/L, respectively.

References

[1] D.W. Kolpin, E.T. Furlong, M.T. Meyer, EIM. Thurman, S.D.
Zaugg, B.L. Barber, H.T. Buxton, Pharmaceuticals, hormones,
and others organic wastewater contaminants in U.S. streams,
1999-2000: a national reconnaissance, Environ. Sci. Technol., 36
(2002) 1202-1211.

[2] E. Stumm-Zollinger, G.M. Fair, Biodegradation of steroid
hormones, J. Water Pollut. Control Fed., 37 (1965) 1506-1510.

[3] A. Tauxe-Wuersch, L.F. De Alencastro, D. Grandjean, ]J.
Tarradellas, Occurrence of several acidic drugs in sewage
treatment plants in Switzerland and risk assessment, Water
Res., 39 (2005) 1761-1772.

[4] W.C. Albrich, D.L. Monnet, S. Arbarth. Antibiotic Selection
Pressure and Resistance in Streptococcus pneumoniae and
Streptococcus pyogenes. Em. Infect. Dis., 10 (2004) 514-517.

[5] Rhone Poulenc Agro, France, Rhone Poulenc and endocrine
disruptors, Health Safety Environment, Rhone Poulenc,
1998, p. 20.

[6] D. Suman Raj, Y. Anjaneyulu, Evaluation of biokinetic
parameters for pharmaceutical wastewaters using aerobic
oxidation integrated with chemical treatment, Process Biochem.,
40 (2005) 165-175.

[7] D.Y. Zhao, H.F. Yu, Effects of metals on MnP expression and
wastewater degradation efficiency of Xhhh, Soils, 39 (2007)
448-452.

[8] M. Saleem, Pharmaceutical wastewater treatment: a
physicochemical study, J. Res. Sci., 18 (2007) 125-134.

[9] S.K.Gupta, S.K. Gupta, Y.-T. Hung, Treatment of Pharmaceutical
Wastes, Chapter 5, Waste Treatment in the Process Industries,
CRC Press, 2006.

[10] S. Snyder, S. Adham, A. Redding, F. Cannon, J. De Carolis,
J. Oppenheimer, E. Wert, Y. Yoon, Role of membranes and
activated carbon in the removal of endocrine disruptors and
pharmaceuticals, Desalination, 202 (2007) 156-181.

[11] Z. Qiang, ]. Macauley, M. Mormile, R. Surampalli, C. Adams,
Treatment of antibiotics and antibiotic resistant bacteria in
swine wastewater with free chlorine, J. Agric. Food Chem., 54
(2006) 8144-8154.

[12] R. Dantes, S. Contreras, C. Sans, S. Esplugas, Sulfamethoxazole
abatement by means of ozonation, J. Hazard. Mater., 150 (2008)
790-794.

[13] 1. Balcioglu, M. Otker, Treatment of pharmaceutical
wastewater containing antibiotics by O, and.O,/H,0, processes,
Chemosphere, 50 (2003) 85-95.

[14] M. Ravina, L. Campanella, J. Kiwi, Accelerated mineralisation
of the drug Diclofenac via Fenton reactions in concentric photo-
reactor, Water Res., 36 (2002) 3553-3560.

[15] K. Bensadouk, Electrocoagulation of cutting oil emulsions
using aluminium plate electrodes, ]. Hazard. Mater., 152 (2008)
423-430.

[16] N. Modirshahla, M.A. Behnajady, S. Mohammadi-Aghdam,
Investigation of the effect of different electrodes and their
connections on the removal efficiency of 4-nitrophenol from

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

aqueous solution by electrocoagulation, J. Hazard. Mater., 154
(2008) 778-786.

M. Bayramoglu, M. Kobya, O.T. Can, M. Sozbir, Operating cost
analysis of electrocoagulation of textile dye wastewater, Sep.
Purif. Technol., 37 (2004) 117-125.

B. Merzouk, Using electrocoagulation—electroflotation
technology to treat synthetic solution and textile wastewater,
two case studies, Desalination, 250 (2010) 573-577.

M. Kobya, A. Akyol, E. Demirbas, M.S. Oncel, Removal
of arsenic from drinking water by batch and continuous
electrocoagulation process using hybrid Al-Fe plate electrodes,
Environ. Process Sustain. Energy, 33 (2014) 131-140.

W.-L. Chou, Removal and adsorption characteristics of polyvinyl
alcohol from aqueous solutions using electrocoagulation, J.
Hazard. Mater., 177 (2010) 842-850.

W.-L. Chou, Investigation of process parameters for the
removal of polyninyl alcohol from aqueous solution by iron
electrocoagulation, Desalination, 251 (2010) 12-19.

O. Yahiaoui, H. Lounici, N. Abdi, N. Drouiche, N. Ghaffour,
A. Pauss, N. Mameri, Treatment of olive mill wastewater by
the combination of ultrafiltration and bipolar electrochemical
reactor processes, Chem. Eng. Process., 50 (2011) 37-41.

T.-H. Kim, C. Park, E.-B. Shin, S. Kim, Decolorization of disperse
and reactive dyes by continuous electrocoagulation process,
Desalination, 150 (2002) 165-175.

N. Daneshvar, H. Ashassi-Sorkhabi, A. Tizpar, Decolorization
of orange II by electrocoagulation method, Sep. Purif. Technol.,
31 (2003) 153-162.

M.Y.A. Mollah, Treatment of orange II azo-dye by
electrocoagulation (EC) technique in a continuous flow cell
using sacrificial iron electrodes, J. Hazard. Mater., 109 (2004)
165-171.

C.-T. Wang, W.L. Chou, Y.M. Kuo, Removal of COD from
laundry wastewater by electrocoagulation/electroflotation, J.
Hazard. Mater., 164 (2009) 81-86.

N. Drouiche, H. Lounici, M. Drouiche, N. Mameri, N.
Ghaffour, Removal of fluoride from photovoltaic wastewater
by electrocoagulation and products characteristics, Desal. Wat.
Treat., 7 (2009) 236-241.

N. Drouiche, S. Aoudj, H. Lounici, H. Mahmoudi, N. Ghaffour,
M.F.A. Goosen, Development of an empirical model for
fluoride removal from photovoltaic wastewater by a bipolar
electrocoagulation process, Desal. Wat. Treat., 29 (2011) 96-102.
M. Malakootian; N. Yousefi; A. Fatehizadeh, Survey efficiency
of electrocoagulation on nitrate removal from aqueous solution,
Int. J. Environ. Sci. Technol., 8 (2011) 107-114.

G. Moussavi, R. Khosravi, M. Farzadkia, Removal of petroleum
hydrocarbons from contaminated groundwater using an
electrocoagulation process: batch and continuous experiments,
Desalination, 278 (2011) 288-294.

K. Cheballah, A. Sahmoune, K. Messaoudi, N. Drouiche, H.
Lounici, Simultaneous removal of hexavalent chromium and
COD from industrial wastewater by bipolar electrocoagulation,
Chem. Eng. Process., 96 (2015) 94-99.

F. Bouamra, N. Drouiche, D. Si Ahmed, H. Lounici, Treatment
of water loaded with orthophosphate by electrocoagulation,
Procedia Eng., 33 (2012) 155-162.

S. Aoudj, A. Khelifa, N. Drouiche, M. Hecini, HF wastewater
remediation by electrocoagulation process, Desal. Wat. Treat.,
51 (2013) 1596-1602.

M.Y.A. Mollah, P. Morkovsky, J. A.G. Gomes, M. Kesmez,
J. Parga, D.L. Cocke, Fundamentals, present and future
perspectives of electrocoagulation, J. Hazard. Mater., 114 (2004)
199-210.

S. Aoudj, A. Khelifa, N. Drouiche, R. Belkada, D. Miroud,
Simultaneous removal of chromium (VI) and fluoride by
electrocoagulation-electroflotation: application of a hybrid
Fe-Al anode, Chem. Eng. J., 267 (2015) 153-162.

B. Palahouane, N. Drouiche, S. Aoudj, K. Bensadok, Cost
effective electrocoagulation process for the remediation of
Fluoride from pretreated photovoltaic wastewater, J. Ind. Eng.
Chem,, 2 (2015) 127-131.



