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Abstract

In this study, a novel boron nitride-graphene oxide thin film nano-
composites (BN/GO NCs) modified with multiwalled carbon na-
notubes functionalized with carboxyl groups (MWCNT-COOH)
membrane was examined during electrochemical filtration process
in the efficient removal of ciprofloxacin (CIP) in pharmaceutical
industry wastewater, Izmir, Turkey. Different pH values (2.5, 3.5,
5.5, 7.0, 9.0 and 11.0), increasing CIP concentrations (5 mg/l,
15 mg/l, 45 mg/l and 60 mg/l), different GO/BN NCs mass ra-
tios (8/1, 4/1, 2/1, 1/1, 1/2, 1/4 and 1/8), increasing recycle time
(1.,2.,3.,4.,5., 6. and 7. ) was operated during electrochemical
filtration process in the efficient removal of CIP in pharmaceu-
tical industry wastewater. The characteristics of the synthesized
nanoparticles were assessed using X-Ray Difraction (XRD), Field
Emission Scanning Electron Microscopy (FESEM), Energy-Dis-
persive X-Ray (EDX), Fourier Transform Infrared Spectroscopy
(FTIR), Transmission Electron Microscopy (TEM), and Diffuse
reflectance UV-Vis spectra (DRS) analyses, respectively. The
acute toxicity assays were operated with Microtox (Aliivibrio fis-
cheri also called Vibrio fischeri) and Daphnia magna acute toxici-

ty tests. ANOVA statistical analysis was used for all experimental
samples. The maximum 97% CIP removal efficiency was obtained
with the multiwalled carbon nanotubes functionalized with car-
boxyl groups/boron nitrite-nanosheets/graphene oxide (MWCNT/
BN-NSs/GO) membrane during electrochemical filtration process
in pharmaceutical industry wastewater, at pH=9.0 and at 250C,
respectively. The maximum 99% CIP removal efficieny was found
with the MWCNT/BN-NSs/GO membrane during electrochemi-
cal filtration process in pharmaceutical industry wastewater, at 5
mg/1 CIP, at pH=9.0 and at 250C, respectively. The maximum 99%
CIP removal efficiency was obtained with the MWCNT/BN-NSs/
GO membrane during electrochemical filtration process in phar-
maceutical industry wastewater, at 1/2 GO/BN NCs mass ratio, at
5 mg/l CIP, at pH=9.0 and at 250C, respectively. The maximum
99% CIP removal efficiency was obtained with the MWCNT/
BN-NSs/GO membrane during electrochemical filtration process
in pharmaceutical industry wastewater, after 1. recycle time, at 5
mg/1 CIP, at pH=9.0 and at 250C, respectively. 94.44% maximum
Microtox acute toxicity yield was found in CIP=45 mg/l after 150
min electrochemical filtration time and at 600C, respectively. 90%
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maximum Daphnia magna acute toxicity removal was obtained in
CIP=45 mg/I after 150 min electrochemical filtration time and at
600C, respectively. As a result, it can be concluded that the toxicity
originating from the CIP is not significant and the real acute toxic-
ity throughout electrochemical filtration process was attributed to
the pharmaceutical industry wastewater, to their metabolites and to
the electrochemical filtration by-products. Finally, the MWCNT/
BN-NSs/GO membrane during electrochemical filtration process
in pharmaceutical industry wastewater was stable in harsh envi-
ronments such as acidic, alkaline, saline, and then was still effec-
tive process. When the amount of contaminant was increased, the
MWCNT/BN-NSs/GO membrane performance was still consider-
able. Finally, the combination of a simple, easy operation prepara-
tion process and excellent performance makes this MWCNT/BN-
NSs/GO membrane a promising option during electrochemical fil-
tration process in pharmaceutical industry wastewater treatment.
Keywords: ANOVA statistical analysis; Antibiotic; Ciproflox-
acin; DRS: Diffuse reflectance UV-Vis spectra; Electrochemical
filtration process; EDX: Energy-dispersive X-ray; FESEM: Field
emission scanning electron microscopy; FTIR: Fourier transform
infrared spectroscopy; Graphene oxide-Boron nitride thin film
novel nanocomposite; Microtox (Aliivibrio fischeri or Vibrio fis-
cheri) and Daphnia magna acute toxicity tests; Multiwalled Carbon
Nanotubes Functionalized with Carboxyl Groups; Pharmaceutical
industry wastewater; TEM: Transmission Electron Microscopy;
XRD: X-ray difraction

Introduction

Emerging contaminants (ECs), sometimes known as contaminants
of emerging concern (CECs) can refer to a wide variety of artificial
or naturally occurring chemicals or materials that are harmful to
human health after long-term disclosure. ECs can be classified into
several classes, including agricultural contaminants (pesticides
and fertilizers), medicines and antidote drugs, industrial and con-
sumer waste products, and personal care and household cleaning
products (Idham et al., 2017; Idham et al., 2021). Antibiotics are
one of the ECs that have raised concerns in the previous two dec-
ades because they have been routinely and widely used in human
and animal health care, resulting in widespread antibiotic residues
discharged in surface, groundwater, and wastewater.

Antibiotics, which are widely utilized in medicine, poultry farm-
ing and food processing (Arenas and Melo, 2018; Pellerito et al.,
2018), have attracted considerable attention due to their abuse and
their harmful effects on human health and the ecological environ-
ment (Fridkin et al., 2014; Tamma et al., 2017). The misuse of anti-
biotics induces Deoxyribonucleic Acid (DNA) contamination and
accelerates the generation of drug-resistant bacteria and super-bac-
teria (Huo, 2010; Ferri et al., 2017; Tan et al., 2018); thus, some
diseases are more difficult to cure (Tong et al., 2018). A number

of studies have revealed that the level of antibiotics in the soil, air
and surface water, and even in potable water, is excessive in many
areas (Alygizakis et al., 2016; Casanova and Sobsey, 2016; Zhang
et al., 2016), which will ultimately accumulate in the human body
via drinking water and then damage the body’s nervous system,
kidneys and blood system. Therefore, it is necessary to develop an
efficient method to remove antibiotics present in pharmaceutical
industry wastewater.

The uncontrolled, ever-growing accumulation of antibiotics and
their residues in the environment is an acute modern problem.
Their presence in water and soil is a potential hazard to the en-
vironment, humans, and other living beings. Many therapeutic
agents are not completely metabolized, which leads to the pene-
tration of active drug molecules into the biological environment,
the emergence of new contamination sources, the wide spread of
bacteria and microorganisms with multidrug resistance (Jimén-
ez-Tototzintle et al., 2018; Kerrigan, et al., 2018; McConnell et
al., 2018). Modern pharmaceutical wastewater facilities do not al-
low efficient removal of antibiotic residues from the environment
(Karthikeyan and Meyer, 2006; Dinh et al., 2017), which leads
to their accumulation in ecological systems (Dong et al., 2016;
Siedlewicz et al., 2018). Global studies of river pollution with an-
tibiotics have shown that 65% of surveyed rivers in 72 countries
on 6 continents are contaminated with antibiotics (Barry, 2019).
According to the World Health Organization (WHO), surface and
groundwater, as well as partially treated water, containing antibiot-
ics residue and other pharmaceuticals, typically at < 100 ng/l con-
centrations, whereas treated water has < 50 ng/l concentrations, re-
spectively (Maycock and Watts, 2011). However, the discovery of
ECs in numerous natural freshwater sources worldwide is growing
yearly. Several antibiotic residues have been reported to have been
traced at concentrations greater than their ecotoxicity endpoints
in the marine environment, specifically in Europe and Africa (Fe-
kadu et al., 2019). Thus, the European Union’s Water Framework
Directive enumerated certain antibiotics as priority contaminants
(Wang et al., 2017a; Wang et al., 2017b). In some rivers, the con-
centrations were so high that they posed a real danger to both the
ecosystem and human health. This matter, the development of ef-
fective approaches to the removal of antibiotics from the aquatic
environment is of great importance.

The removal of antibiotics and their residues from water and
wastewater prior to their final release into the environment is of
particular concern (Yang et al., 2021). Modern purification meth-
ods can be roughly divided into the following three categories
depending on the purification mechanism: biological treatment
(Akyon et al., 2019; Zhang et al., 2019), chemical degradation (de
Souza Santos et al., 2015; Yang et al., 2021), and physical removal.
Each of these methods has its own advantages and disadvantages.
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For example, biological purification can remove most antibiotic
residues, but the introduction of active organisms into the aquatic
environment can upset the ecological balance. Various chemical
approaches (ozonation, chlorination, and Fenton oxidation) cannot
provide complete purification and, in some cases, lead to the death
of beneficial microorganisms due to low selectivity. Photocatalysis
is widely used in new environmental control strategies (Zhong et
al., 2018; Alagha et al., 2021; Yang et al., 2022). However, this
method has a number of key disadvantages, such as insufficient
use of visible light, rapid annihilation of photogenerated carriers,
and incomplete mineralization, which greatly limits its application
(Yang et al., 2021).

Ciprofloxacin (CIP) is an antibiotic belonging to the second-gen-
eration fluoroquinolones, which can treat different bacterial in-
fections (Fang et al., 2021; Kaur Sodhi and Kumar Singh, 2021).
The entrance of this substance into the nature can cause bacteri-
al drug resistance. Recently, studies have reported the presence
of CIP residuals in aqueous resources and effluent of wastewater
treatment plants (Tamaddon et al., 2020; Firouzeh et al., 2021).
Unfortunately, the conventional methods cannot remove CIP com-
pletely, therefore, newer methods should be investigated (Gupta
et al., 2021). Advanced oxidation processes (AOPs) have recently
been introduced as a promising option for the removal of CIP from
aqueous media (Malakootian et al., 2019).

Numerous materials have been reported to have the potential and
capacity to treat water or wastewater polluted with these antibiot-
ics residue by applying the processes of adsorption and catalytic
oxidation during the last few decades. The reported materials in-
clude mesoporous carbon beads (Ahammad et al., 2021), biochar
(Li et al., 2017; Jiang et al., 2020; Shirani et al., 2020), clay min-
erals (Ahmed et al., 2015), activated carbon (Zhang et al., 2020;
Avcu et al., 2021; Ji et al., 2022), cellulose (Shahnaz et al., 2021;
Wang et al., 2021), and chitosan (Cui et al., 2019; Phasuphan et
al., 2019; ALOthman et al., 2020). As a result of engineering and
science evolution, and in complement to the urgent need to in-
crease the adsorption capability of antibiotic contaminants, more
advanced materials such as carbon nanotube (CnT) (Yu et al.,
2016; Zhao et al., 2016; Bellamkonda et al., 2019; Rigueto et al.,
2021), nano-zero valent iron (nZVI) (Ahmed et al., 2017; Zhao et
al.,2020; Nguyen et al., 2020; Nyugen et al., 2021; Falyouna et al.,
2022a; Falyouna et al., 2022b), nanoporous carbons (Mokhati et
al., 2021), porous graphene (Shan et al., 2017; Khalil et al., 2020)
and graphene oxide (GO) (Gdrmez et al., 2019; Qiao et al., 2020;
Idham et al., 2021; Nguyen et al., 2021), to date have been analyz-
ed and improved in their ability to remove these ECs from water.

Nanomaterials with a high specific surface area are a promising

platform for the development and production of low-cost and
highly efficient sorbents for various pollution molecules (Yadav

et al., 2021; Liu et al., 2022). For example, graphene-based na-
nomaterials were utilized to remove antibiotics (Bao, et al., 2018;
Tang et al., 2019; Wang et al., 2019), which are adsorbed on the
material surfaces due to m-m-, electrostatic or hydrophobic interac-
tions, as well as the formation of hydrogen bonds. Highly efficient
antibiotic sorption was also observed when using highly porous,
surface-active, and structurally stable silica-based materials (Ma-
soudi et al., 2019; Zeidman et al., 2020), metal oxide nanoparticles
(NPs) (Alagha et al., 2021; Sturini et al., 2021; Li et al., 2022), and
metal-organic frameworks (Dehghan et al., 2019; Sun et al., 2021).

Graphene oxide (GO), one of the carbon nanomaterials, has piqued
the widespread attraction of environmental specialists worldwide
in recent years since it was first exfoliated from graphite in 2004
(Liu et al., 2021). This material has been proven as a prospective
material for treating water contaminated with ECs (Idham et al.,
2017). With its superior mechanical qualities and unique physic-
ochemical features, GO promises a significant adsorption impact
when employed alone or as a supporting material, particularly in
water treatment applications (Peng et al., 2017).

Boron nitride (BN), another 2D nanomaterial which is known as
“white graphene”, has unique properties distinct from graphene.
Its characteristics include strong oxidation resistance at high tem-
peratures, excellent adsorption capability, no surface charge and
special luminescence. BN nanosheets are remarkable substrates
for graphene, MoS2 layers and other 2D nanomaterials in elec-
tronic and optical applications. Recently, BN has been widely used
in membrane research area (Razmjou et al., 2012; Liu et al., 2017;
Abdikheibari et al., 2018; Gonzalez-Ortiz et al., 2018). Due to the
unique combination of physicochemical properties, hexagonal bo-
ron nitride (h-BN) finds application in the following various fields:
physics, chemistry, materials science, and biomedicine (Tang et
al., 2006; Dai et al., 2015; Gudz et al., 2020). Its high specific sur-
face area and superior thermal and chemical stability determine its
attractiveness as an effective sorbent. The polarity of the BN bonds
and the large surface area provide good adsorption properties for
various substances, from organic pollutants (Zhang et al., 2012)
to hydrogen (Portehault et al., 2010). Since BN nanostructures are
very light, BN-based sorbents have a high gravimetric capacity,
and their high chemical and thermal stability ensure good material
regeneration. Hexagonal BN mesoporous fibers (Xue et al., 2014)
and h-BN porous whiskers (Li et al., 2016) showed a high degree
of sorption of organic colorants (> 631 mg/g). Cotton flower-like
porous BN (Maiti et al., 2017) and stamen-shaped porous boron
carbon nitride nanoscrolls (Wang et al., 2017) also demonstrated
highly efficient removal of contaminants. Hollow BN NPs can
serve as a reservoir of boron for the treatment of prostate cancer
(Lietal., 2017).

Recently, two-dimensional (2D) nanomaterials, such as GO (Co-
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hen-Tanugi and Grossman, 2012; Mi, 2014; Homaeigohar and El-
bahri, 2017), BN (Falin et al., 2017; Fan et al., 2017), transition
metal dichalcogenides (Pan et al., 2016; Shi et al., 2016; Hirun-
pinyopas et al., 2017), have been investigated in the membrane
process due to their particular physical and chemical properties.
For example, GO is appropriate for fabricating filter membranes
due to its atomic thin thickness, lamellar structure and consequent
specific properties, such as high chemical stability and specific
surface, and its porous and rich oxygen-containing functional sites
(Fathizadeh et al., 2017). Moreover, GO-based membranes, using
tunable interlayer spacing to intercept ions and contaminants in
water, are most promising (Mi, 2014; Cheng et al., 2016; Jiao et
al., 2017; Tang et al., 2018). However, GO membranes do have
some deficiencies. A number of methods and experiments have
been performed to overcome the weaknesses of the original GO
membrane, such as swelling or delamination in aqueous solutions
and the tradeoff between selectivity and permeability (Park et al.,
2017).

The detection and quantification of CIP is based on traditional ana-
lytical methods, such as: high-performance liquid chromatography
(HPLC), liquid chromatography coupled with tandem mass spec-
trometry (LC-MS), ultraviolet (UV) detection and capillary elec-
trophoresis (CE). These techniques have high sensitivity and accu-
racy, they are time consuming and require expensive and compli-
cated equipment, thus limiting their application in routine analysis.
These methods require the use of potentially harmful solvents, the
need for training, and certified operators. These methods are limit-
ed in terms of on-site, instantaneous and in situ analyses (Kumun-
da et al., 2021). Chromatographic procedures usually offer lower
detection limits, electrochemical methods can be an interesting
alternative due to their simplicity, short operating time, low cost
and small amount of waste generation (Swapna Priya and Radha,
2017; Teodosiu et al., 2018). The ease of electrochemical methods

in operation, rapid analytical response, absence of pretreatment
sample, technically miniaturized and portable devices, make them
accessible for on-site analysis (Silwana et al., 2016; Bansod et al.,
2017; Smith et al., 2019). The use of electrochemical methods as
well as electrochemical sensors have allowed the using a carbon
paste electrode modified with a combination of multiwalled carbon
nanotubes functionalized with carboxyl groups (MWCNT-COOH)
(Wong et al., 2015). Electrochemical filtration process integrates
degradation and separation of contaminants. Filter pore size is well
controlled using NPs as a filler. Double-sheet filter designs are
more efficient than single-sheet in fouling control. Electrocatalytic
filters achieve simultaneous removal of organics and particulates.

In this study, a novel BN/GO NCs modified with MWCNT-COOH
membrane was examined during electrochemical filtration process
in the efficient removal of CIP in pharmaceutical industry waste-
water plant, izmir, Turkey. Different pH values (2.5, 3.5, 5.5, 7.0,
9.0 and 11.0), increasing CIP concentrations (5 mg/l, 15 mg/l, 45
mg/l and 60 mg/1), different GO/BN NCs mass ratios (8/1, 4/1,2/1,
1/1, 1/2, 1/4 and 1/8), increasing recycle time (1., 2., 3., 4., 5., 6.
and 7. ) was operated during electrochemical filtration process in
the efficient removal of CIP in pharmaceutical industry wastewa-
ter. The characteristics of the synthesized NPs were assessed using
XRD, FESEM, EDX, FTIR, TEM and DRS analyses, respectively.
The acute toxicity assays were operated with Microtox (Aliivibrio
fischeri or Vibrio fischeri) and Daphnia magna acute toxicity tests.
ANOVA statistical analysis was used for all experimental samples.

Materials and Methods
Characterization of Pharmaceutical Industry Wastewater

Characterization of the biological aerobic activated sludge proses
from a pharmaceutical industry wastewater plant, izmir, Turkey
was performed. The results are given as the mean value of tripli-
cate samplings (Table 1).

Table 1: Characterization of Pharmaceutical Industry Wastewater

Parameters Unit Concentrations

Chemical oxygen demand-total (COD,_ ) (mg/1) 4000
Chemical oxygen demand-dissolved (COD,_ ) (mg/1) 3200
Biological oxygen demand-5 days (BOD,) (mg/1) 1500
BOD,/COD,_ . .. 0.5

Total organic carbons (TOC) (mg/1) 1800
Dissolved organic carbons (DOC) (mg/1) 1100
pH 8.3

Salinity as Electrical conductivity (EC) (mS/cm) 1552
Total alkalinity as CaCO, (mg/1) 750
Total volatile acids (TVA) (mg/1) 380
Turbidity (Nephelometric Turbidity unit, NTU) NTU 7.2

Color 1/m 50

Total suspended solids (TSS) (mg/l) 250
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Volatile suspended solids (VSS) (mg/1) 187
Total dissolved solids (TDS) (mg/1) 825
Nitride (NO,) (mg/1) 1.7
Nitrate (NO,") (mg/1) 1.91
Ammonium (NH,") (mg/1) 2.3
Total Nitrogen (Total-N) (mg/1) 3.2
S0,? (mg/l) 21.4
SO,? (mg/l) 29.3
Chloride (CI) (mg/1) 37.4
Bicarbonate (HCO,) (mg/1) 161
Phosphate (PO,?) (mg/l) 16
Total Phosphorus (Total-P) (mg/1) 40
Total Phenols (mg/1) 70
Oil & Grease (mg/1) 220
Cobalt (Co™) (mg/l) 0.2
Lead (Pb*™) (mg/l) 0.4
Potassium (K*) (mg/1) 17
Iron (Fe™?) (mg/l) 0.42
Chromium (Cr*?) (mg/l) 0.44
Mercury (Hg™) (mg/l) 0.35
Zinc (Zn*?) (mg/l) 0.11

Preparation of GO Nanoparticles Dispersion

GO NPs was prepared using the modified Hummers’ method
(Hummers and Offeman, 1958). A mixed solution of concentrated
60ml H,SO,, 4.2 gK S O, and 4.2 g P,O, was heated to 80°C, and
5 g graphite powder was added under continuous stirring for 4.5
h. When the solution had cooled, the products obtained were fil-
tered and washed with deionized water until no residual acid was
present. 5 g dried fluffy product was then placed into concentrated
120 ml H,SO, at 0°C, followed by the controlled addition of 2.5 g
KNO, and 16 g KMnO, with the temperature < 10°C. The reaction
was performed at 35°C for 2 h, and continued for a further 2 h
following the addition of 250 ml deionized water. After, 600 ml de-
ionized water and 30 ml H,O, (30 wt%) were added to the solution,
and allowed to stand overnight. Finally, the mixture was washed
with 1 M HCl solution and deionized water to confirm the removal
of metal ions and acid, then dried at 60°C for 2 days (48 h). As a
result, 2 mg/ml GO suspension was obtained after sonication, and
used in this study.

Preparation of Boron Nitride-Nanosheets (BN-NSs) Dispersi-
on

BN-NSs dispersion was prepared using commercial h-BN powder
by ball milling (planetary ball mill, QM-3SP2) (Lei et al., 2015).
0.5 g h-BN powder and 30 g urea (CH,N,O) were added to a ball
mill cell and ball milled at 500 rpm for 12 h at room temperature.
During the high-energy ball-milling process, BN and CH,N,O par-
ticles were thoroughly mixed, and some small CH,N,O molecules

may intercalate into the BN structure from the edges of BN layers.
Powered by the energy of colliding balls, CH,N,O would decom-
pose and lead to chemical bonding of NH, group to few-layer BN.
After ball milling, the product was washed with deionized water
to remove CH,N,O. The collected BN-NSs was dispersed in water
by sonication, then the dispersion was centrifuged for 30 min at
2000 rpm. The supernatant was collected and filtrated to obtain
BN-NSs. Finally, 2 mg/ml BN nanosheets dispersion was prepared
by dispersing solid BN-NSs in water. The dispersion was then cha-
racterized by zeta potential, FESEM and TEM analysis. BN-NSs
dispersion used below was all 2 mg/ml.

Preparation of the Multiwalled Carbon Nanotubes Functiona-
lized with Carboxyl Groups/ Boron Nitride Nanosheets/Grap-
heene Oxide (MWCNT-COOH/BN-NSs/GO) Membrane

6 ml MWCNT-COOH dispersion was added into 2 ml GO dispersi-
on and stirring for 10 min, then 4 ml BN-NSs dispersion was drop-
ped into mixed solution under stirring. The final mixed solution
was stirred at room temperature for 10 min, followed by sonication
for 10 min, repeated 6 times. After, the mixed dispersion was used
to prepare the 15 mg MWCNT-COOH/BN-NSs/GO membranes
on a PVDF (polyvinylidene fluoride) membrane through vacuum
filtration. The prepared membrane was used to filter the CIP solu-
tion and was characterized by SEM, TEM and XRD analysis. 3 mg
MWCNT-COOH and 12 mg BN-NSs/GO NCs was constant. BN-
NSs/GO NCs mass ratio was changed to 8/1, 4/1, 2/1, 1/1, 1/2, 1/4
and 1/8 to optimize the performance of the membrane. 2 ml GO
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NPs dispersion was used to prepare pure GO NPs membrane. 4 ml
BN-NSs NPs dispersion was used to prepare pure BN-NSs NPs
membrane. MWCNT-COOH/GO membrane was produced by 2
ml GO NPs dispersion + 6 ml MWCNT-COOH dispersion. Pure
GO NPs and pure BN-NSs NPs were modified with MWCNT-CO-
OH groups. MWCNT-COOH/BN-NSs/GO membrane were pro-
duced to detect their performance for the efficient removal of CIP
from pharmaceutical industry wastewater.

Electrochemical Filtration of CIP from MWCNT-COOH/BN-
NSs/GO Membrane

Seven MWCNT-COOH/BN-NSs/GO membranes (each of 15 mg)
were prepared under the same conditions. GO NPs to BN-NSs
NPs mass ratio in MWCNT-COOH/BN-NSs/GO membrane was
changed. The prepared MWCNT-COOH/BN-NSs/GO membranes
were used to filter 36 mg/l CIP solution by vacuum filtration and
the vacuum degree was stabilized at 0.9 atm pressure. CIP solution
volume was 20 ml. The filter liquor was collected and detected
by ultraviolet-visible (UV-Vis) spectroscopy. The rejection to CIP
using the prepared MWCNT-COOH/BN-NSs/GO membrane was
calculated by the following as Equation 1:

=C %100 (%) = =% x 100 (%) (1)

"= Co Ap

where; n: is the membrane rejection, C and C: are CIP solution
concentrations before and after filtration, A and A: are CIP maxi-
mal absorbance before and after filtration.

The permeance of the membrane was calculated by the following
as Equation 2:

¥
= —— @

where; J: is the membrane permeance, V: is CIP solution volume,

S: is the membrane area, T: is the filtration time and P: is the va-
cuum degree.

Different NaCl and CaCl, solution concentrations (from 0.1 to 1.0
mol/l) were prepared to measure the effect of salts to the MW-
CNT-COOH/BN-NSs/GO membrane performance. The collected
data were averages of three parallel tests. Three MWCNT-COOH/
BN-NSs/GO membranes were prepared for each condition at the
same time.

Characterization

X-Ray Diffraction Analysis: Powder XRD patterns were recor-
ded on a Shimadzu XRD-7000, Japan diffractometer using Cu Ka
radiation (A = 1.5418 A, 40 kV, 40 mA) at a scanning speed of 1°
/min in the 10-80° 20 range. Raman spectrum was collected with
a Horiba Jobin Yvon-Labram HR UV-Visible NIR (200-1600 nm)
Raman microscope spectrometer, using a laser with the wavelen-
gth of 512 nm. The spectrum was collected from 10 scans at a
resolution of 2 /cm. The zeta potential was measured with a Sur-
PASS Electrokinetic Analyzer (Austria) with a clamping cell at
300 mbar.

Field Emission Scanning Electron Microscopy (FESEM) and
Energy Dispersive X-Ray (EDX) Spectroscopy Analysis: The
morphological features and structure of the synthesized catalyst
were investigated by FESEM (FESEM, Hitachi S-4700), equip-
ped with an EDX spectrometry device (TESCAN Co., Model III
MIRA) to investigate the composition of the elements present in
the synthesized catalyst.

Fourier Transform Infrared Spectroscopy (FTIR) Analysis:
The FTIR spectra of samples was recorded using the FT-NIR spe-
ctroscope (RAYLEIGH, WQF-510).

Transmission Electron Microscopy (TEM) Analysis: The stru-
cture of the samples were analysed TEM analysis. TEM analysis
was recorded in a JEOL JEM 2100F, Japan under 200 kV accele-
rating voltage. Samples were prepared by applying one drop of the
suspended material in ethanol onto a carbon-coated copper TEM
grid, and allowing them to dry at 25°C room temperature.

Diffuse Reflectance UV-Vis Spectra (DRS) Analysis: DRS
Analysis in the range of 200-800 nm were recorded on a Cary
5000 UV-Vis Spectrophotometer from Varian. DRS was used to
monitor the CIP antibiotic concentration in experimental samples.

Analytical Procedures

Chemical oxygen demand-total (COD,_ ), chemical oxygen
demand-dissolved (COD,_ . ), (Total-P),
phosphate phosphorus (PO,?-P), total nitrogen (Total-N), ammo-

total

total phosphorus

nium nitrogen (NH,™-N), nitrate nitrogen (NO,-N), nitrite nitrogen
(NO,-N), biological oxygen demand 5-days (BOD,), pH, Tempe-
rature [(°C)], total suspended solids (TSS), total volatile suspen-
ded solids (TVSS), total organic carbon (TOC), Oil, Chloride (CI"),
total phenol, total volatile acids (TVA), disolved organic carbon
(DOC), total alkalinity, turbidity, total dissolved solid (TDS), co-
lor, sulfide (SO,?), sulfate (SO,?), bicarbonate (HCO,), salinity,
cobalt (Co*), lead (Pb*?), potassium (K*), iron (Fe*?), chromium
(Cr??), Mercury (Hg™) and zinc (Zn?) were measured according
to the Standard Methods (2017) 5220B, 5220D, 4500-P, 4500-PO,’
’, 4500-N, 4500-NH,*, 4500-NO,", 4500-NO,, 5210B, 4500-H",
2320, 2540D, 2540E, 5310, 5520, 4500-Cl, 5530, 5560B, 5310B,
2320, 2130, 2540E, 2120, 4500-SO,?, 4500-SO,?, 5320, 2520,
3500-Co*, 3500-Pb*2, 3500- K*, 3500-Fe*, 3500-Cr*?, 3500-
Hg"™, 3500-Zn*?, respectively (Baird et al., 2017).

Total-N, NH,"-N, NO,-N, NO,-N, Total-P, PO,”-P, total phenol,
Co®, Pb™, K*, Fe?, Cr?, Hg"”, Zn™, SO,?, and SO,” were measu-
red with cell test spectroquant kits (Merck, Germany) at a spect-
roquant NOVA 60 (Merck, Germany) spectrophotometer (2003).

The measurement of color was carried out following the metho-
ds described by Olthof and Eckenfelder (1976) and Eckenfelder
(1989). According these methods, the color content was determi-
ned by measuring the absorbance at three wavelengths (445 nm,
540 nm and 660 nm), and taking the sum of the absorbances at
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these wavelengths. In order to identify the color in pharmaceutical
industry wastewater (25 ml) was acidified at pH=2.0 with a few
drops of 6 N HCl and extracted three times with 25 ml of ethyl ace-
tate. The pooled organic phases were dehydrated on sodium sulp-
hate, filtered and dried under vacuum. The residue was sylilated
wit bis(trimethylsylil)trifluoroacetamide (BSTFA) in dimethylfor-
mamide and analyzed by gas chromatography—mass spectrometry
(GC-MS) and gas chromatograph (GC) (Agilent Technology mo-
del 6890N) equipped with a mass selective detector (Agilent 5973
inert MSD). Mass spectra were recorded using a VGTS 250 spect-
rometer equipped with a capillary SE 52 column (HP5-MS 30 m,
0.25 mm ID, 0.25 um) at 220°C with an isothermal program for
10 min. The initial oven temperature was kept at 50°C for 1 min,
then raised to 220°C at 25°C/min and from 200 to 300°C at 8°C/
min, and was then maintained for 5.5 min. High purity He (g) was
used as the carrier gas at constant flow mode (1.5 ml/min, 45 cm/s
linear velocity).

The total phenol was monitored as follows: 40 ml of pharmaceu-
tical industry wastewater was acidified to pH=2.0 by the addition
of concentrated HCI. Total phenol was then extracted with ethyl
acetate. The organic phase was concentrated at 40°C to about 1 ml
and silylized by the addition of N,O-bis(trimethylsilyl) acetamide
(BSA). The resulting trimethylsilyl derivatives were analysed by
GC-MS (Hewlett-Packard 6980/HP5973MSD).

Methyl tertiary butyl ether (MTBE) was used to extract oil from
the water and NPs. GC-MS analysis was performed on an Agilent
gas chromatography (GC) system. Oil concentration was measu-
red using a UV-vis spectroscopy fluorescence spectroscopy and
a GC-MS (Hewlett-Packard 6980/HP5973MSD). UV-vis ab-
sorbance was measured on a UV—vis spectrophotometer and oil
concentration was calculated using a calibration plot which was
obtained with known oil concentration samples.

Acute Toxicity Assays

Microtox Acute Toxicity Test: Toxicity to the bioluminescent or-
ganism Aliivibrio fischeri (also called Vibrio fischeri ot V. fischeri)
was assayed using the Microtox measuring system according to
DIN 384120134, L341, (EPS 1/ RM/24 1992). Microtox testing
was performed according to the standard procedure recommended
by the manufacturer (Lange, 1994). A specific strain of the ma-
rine bacterium, V. fischeri-Microtox LCK 491 kit (Lange, 1994)
was used for the Microtox acute toxicity assay. Dr. LANGE LU-
MIX-mini type luminometer was used for the microtox toxicity
assay (Lange, 2010).

Daphnia magna Acute Toxicity Test: To test toxicity, 24-h born
Daphnia magna were used as described in Standard Methods

sections 8711A, 8711B, 8711C, 8711D and 8711E, respectively
(Lange, 1996). After preparing the test solution, experiments were
carried out using 5 or 10 Daphnia magna introduced into the test
vessels. These vessels had 100 ml of effective volume at 7.0— 8.0
pH, providing a minimum dissolved oxygen (DO) concentration
of 6 mg/l at an ambient temperature of 20-25°C. Young Daphnia
magna were used in the test (<24 h old); 24-48 h exposure is gene-
rally accepted as standard for a Daphnia magna acute toxicity test.
The results were expressed as mortality percentage of the Daphnia
magna. Immobile animals were reported as dead Daphnia magna.

Statistical Analysis

ANOVA analysis of variance between experimental data was per-
formed to detect F and P values. The ANOVA test was used to test
the differences between dependent and independent groups, (Zar,
1984). Comparison between the actual variation of the experimen-
tal data averages and standard deviation is expressed in terms of
F ratio. F is equal (found variation of the date averages/expected
variation of the date averages). P reports the significance level,
and d.f indicates the number of degrees of freedom. Regression
analysis was applied to the experimental data in order to determine
the regression coefficient R?, (Statgraphics Centurion XV, 2005).
The aforementioned test was performed using Microsoft Excel
Program.

All experiments were carried out three times and the results are
given as the means of triplicate samplings. The data relevant to the
individual pollutant parameters are given as the mean with stand-
ard deviation (SD) values.

Results and Discussions

Electrochemical Filtration Process Mechanism of MW-
CNT-COOH/BN-NSs/GO Membrane

The electrochemical filtration process mechanism of MW-
CNT-COOH/BN-NSs/GO membrane was described in Figure
1. Pure GO NPs molecular bonds was shown in Figure la. Also,
pure BN NPs molecular bonds was demonstrated in Figure 1b.
A novel BN-GO NCs molecular bonds structures were indicated
in Figure 1c. The electrochemical filtration process mechanism of
MWCNT-COOH/BN-NSs/GO membrane between pure GO NPs
bonds and pure BN NPs and also -COOH bonds was determined
in Figure 1d. The electrochemical filtration process mechanism
of MWCNT-COOH/BN-NSs/GO membrane was determined to
pure GO NPs: black rectangle, pure BN NPs: grey rectangle and
- COOH groups: black line between pure GO NPs and pure BN
NPs for CIP removal in pharmaceutical industry wastewater, res-
pectively (Figure 1d).
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Figure 1: (a) pure GO NPs, (b) pure BN NPs, (c) a novel BN-GO NCs and (d) electrochemical filtration process mechanism of MWCNT-COOH/BN-
NSs/GO membrane (pure GO NPs: black rectangle, pure BN NPs: grey rectangle and - COOH groups: black line between pure GO NPs and pure BN

NPs) with CIP removal in pharmaceutical industry wastewater, respectively.

MWCNT-COOH/BN nanosheets/GO Membranes Characte-
ristics

The Results of X-Ray Diffraction (XRD) Analysis and Diffu-
se reflectance UV-Vis Spectra (DRS) Analysis: The results of
XRD analysis of as prepared a novel BN-GO NCs with modified
at MWCNT-COOH nanotubes (Figure 2a). The characterization
peaks were observed at 20 values of 11.24°, 28.36° and 42.57°,
implying pure GO NPs, BN-GO NCs and pure BN NPs in the
MWCNT-COOH/BN-NSs/GO membrane (Figure 2a). The XRD
patterns of pure GO NPs, a novel BN-GO NCs and pure BN NPs
showed the 260 values of 11.24°, 28.36° and 42.57° corresponding
to the (002), (003), and (004) planes of in the MWCNT-COOH/
BN-NSs/GO membrane structure, respectively (Figure 2a).

The absorption spectra of CIP was observed in DRS Analysis (Fi-
gure 2b). First, the absorption spectra of ciprofloxacin were obta-
ined at a maximum concentration of 200 pug/ml in the wavelength
range from 190 nm to 500 nm using diffuse reflectance UV-Vis
spectra (Figure 2b). Absorption peaks were observed at wavelen-
gths of 288 nm, 270 nm, 323 nm and 333 nm, respectively (Figure
2b).

The Results of Field Emission Scanning Electron Microscopy
(FESEM) and Energy Dispersive X-Ray (EDX) Spectroscopy
Analysis: The morphological features of the BN-GO NCs were
characterized through FE-SEM images (Figure 3a). In addition to,
EDX analysis was also performed to investigate the composition
of BN-GO NCs in the MWCNT-COOH/BN-NSs/GO membrane
structure (Figure 3b).
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Figure 2: (a) The XRD pattern of pure GO NPs, BN-GO NCs and pure BN NPs in the MWCNT-COOH/BN-NSs/GO membrane structure and (b) the

DRS pattern of CIP, respectively.

Figure 3: (a) FESEM images of BN-GO NCs and (b) EDX spectrum of BN-GO NCs in the MWCNT-COOH/BN-NSs/GO membrane structure, re-

spectively.

The Results of Fourier Transform Infrared Spectroscopy
(FTIR) Analysis and Transmission Electron Microscopy (TEM)
Analysis: The FTIR spectrum of pure BN NPs (black line), pure
GO NPs (red line) and BN-GO NCs (blue line), respectively, in the
MWCNT-COOH/BN-NSs/GO membrane (Figure 4a). The main
peaks of FTIR spectrum was observed at 3394 1/cm, 1380 1/cm

and 806 1/cm wavenumber, respectively (Figure 4a). In addition
to, the other peaks of FTIR spectrum was obtained at 1680 1/cm,
1076 1/cm wavenumber, respectively (Figure 4a).

The TEM images of BN-GO NCs in the MWCNT-COOH/BN-
NSs/GO membrane structure was observed in micromorphologi-
cal structure level (Figure 4b).

Figure 4: (a) FTIR spectrum of pure BN NPs (black line), pure GO NPs (red line) and BN-GO NCs (blue line) and (b) TEM images of BN-GO NCs

in the MWCNT-COOH/BN-NSs/GO membrane structure, respectively.
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Effect of Increasing pH values of CIP in the MWCNT/BN-NSs/
GO Membrane during Electrochemical Filtration Process in
Pharmaceutical Industry Wastewater

Increasing pH values (pH=2.5, pH=3.5, pH=5.5, pH=7.0, pH=9.0
and pH=11.0, respectively) was examined for the removal of CIP
in pharmaceutical industry wastewater, at 25°C. CIP removal ef-
ficiencies versus increasing pH values was shown with the MW-
CNT/BN-NSs/GO membrane during electrochemical filtration
process in pharmaceutical industry wastewater (Figure 5). 42%,
54%., 63%, 80% and 84% CIP removal efficiencies was measured
at pH=2.5, pH=3.5, pH=5.5, pH=7.0 and pH=11.0, respectively,
at 25°C (Figure 5). The maximum 97% CIP removal efficiency
was obtained with the MWCNT/BN-NSs/GO membrane during

electrochemical filtration process in pharmaceutical industry was-
tewater, at pH=9.0 and at 25°C, respectively (Figure 5).

Effect of Increasing CIP Concentrations in the MWCNT/BN-
NSs/GO Membrane during Electrochemical Filtration Process
in Pharmaceutical Industry Wastewater

Increasing CIP concentrations (5 mg/l, 15 mg/l, 45 mg/l and 60
mg/l) were operated at pH=9.0, at 25°C, respectively (Figure 6).
82%, 74% and 65% CIP removal efficiencies were obtained to
15 mg/l, 45 mg/l and 60 mg/l CIP concentrations, respectively,
at pH=9.0 and at 25°C (Figure 6). The maximum 99% CIP remo-
val efficieny was found with the MWCNT/BN-NSs/GO memb-
rane during electrochemical filtration process in pharmaceutical
industry wastewater, at 5 mg/l CIP, at pH=9.0 and at 25°C, respe-
ctively (Figure 6).

Figure 5: Effect of increasing pH values of CIP in the MWCNT/BN-NSs/GO membrane with electrochemical filtration process in pharmaceutical

industry wastewater

Figure 6: Effect of increasing CIP concentrations in the MWCNT/BN-NSs/GO membrane during electrochemical filtration process in pharmaceutical

industry wastewater, at pH=9.0 and at 250C, respectively.
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Effect of Different GO/BN NCs Mass Ratios for the Efficient
CIP Removals in the MWCNT/BN-NSs/GO Membrane du-
ring Electrochemical Filtration Process in Pharmaceutical In-
dustry Wastewater

Different GO/BN NCs mass ratios (8/1, 4/1, 2/1, 1/1, 1/2, 1/4, 1/8)
were examined for the efficient CIP removals in the MWCNT/
BN-NSs/GO membrane during electrochemical filtration process
in pharmaceutical industry wastewater, at 5 mg/l CIP, at pH=9.0
and at 25°C, respectively (Figure 7). 65%, 74%, 86%, 92%, 80%,
52% CIP removal efficiencies were measured at 8/1, 4/1, 2/1, 1/1,
1/4, 1/8 GO/BN NCs mass ratios, respectively, at 5 mg/l CIP, at
pH=9.0 and at 25°C, respectively (Figure 7). The maximum 99%
CIP removal efficiency was obtained with the MWCNT/BN-NSs/
GO membrane during electrochemical filtration process in phar-
maceutical industry wastewater, at 1/2 GO/BN NCs mass ratio, at
5 mg/1 CIP, at pH=9.0 and at 25°C, respectively (Figure 7).

Effect of Different Recycle Times for the Efficient CIP Remo-
vals in the MWCNT/BN-NSs/GO Membrane during Electro-
chemical Filtration Process in Pharmaceutical Industry Was-
tewater

Different recycle times (1, 2, 3, 4, 5, 6 and 7) were operated for
the efficient CIP removals in the MWCNT/BN-NSs/GO memb-
rane during electrochemical filtration process in pharmaceutical
industry wastewater, at 5 mg/l CIP, at pH=9.0 and at 25°C, res-
pectively (Figure 8). 96%, 90%, 88%, 83%, 80%, 75% CIP re-
moval efficiencies were measured after 2. recycle time, 3. recycle
time, 4. recycle time, 5. recycle time, 6. recycle time and 7. recycle
time, respectively, at 5 mg/l CIP, at 1/2 GO/BN NCs mass ratio, at
pH=9.0 and at 25°C, respectively (Figure 8). The maximum 99%
CIP removal efficiency was obtained with the MWCNT/BN-NSs/
GO membrane during electrochemical filtration process in phar-
maceutical industry wastewater, after 1. recycle time, at 5 mg/l
CIP, at pH=9.0 and at 25°C, respectively (Figure 8).

Figure 7: Effect of different GO/BN NCs mass ratios for the efficient CIP removals in the MWCNT/BN-NSs/GO membrane during electrochemical
filtration process in pharmaceutical industry wastewater, at 5 mg/l CIP, at pH=9.0 and at 250C, respectively.

Figure 8: Effect of recycle times for the efficient CIP removals in the MWCNT/BN-NSs/GO membrane during electrochemical filtration process in

pharmaceutical industry wastewater, at 5 mg/l CIP, at 1/2 GO/BN NCs mass ratio, at pH=9.0 and at 250C, respectively.
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Acute Toxicity Assays

Effect of Increasing CIP Concentrations on the Microtox Acu-
te Toxicity Removal Efficiencies in Pharmaceutical Industry
Wastewater at Increasing Electrochemical Filtration Time and
Temperature: In Microtox with Aliivibrio fischeri (also called
Vibrio fischeri) acute toxicity test, the initial EC, values at pH=7.0
was found as 825 mg/lat 25°C (Table 2: SET 1). After 60 min, 120
min and 150 min electrochemical filtration time, the EC, values
decreased to EC, ;=414 mg/l to EC, =236 mg/l and to EC, =165
mg/l in CIP=45 mg/1 at 30°C (Table 2: SET 3). The Microtox acute
toxicity removal efficiencies were 38.89%, 77.78% and 88.89%
after 60 min, 120 min and 150 min, respectively, in CIP=45 mg/1
and at 30°C (Table 2: SET 3).

The EC, values decreased to EC,, to EC, ; and to EC; after 60 min,
120 min and 150 min, respectively, in CIP=45 mg/1 at 60°C (Table
2: SET 3). The EC,, the EC , and the EC, values were measured
as 550 mg/l, 540 mg/1 and 500 mg/1, respectively, in CIP=45 mg/I
at 60°C. The toxicity removal efficiencies were 44.44%, 83.33%
and 94.44% after 60 min, 120 min and 150 min, respectively, in
CIP=45 mg/1 at 60°C (Table 2: SET 3). 94.44% maximum Micro-
tox acute toxicity removal yield was found in CIP=45 mg/I after
150 min and at 60°C (Table 2: SET 3).

The EC, values decreased to EC ;=422 mg/l to EC, ;=241 mg/l and

to EC ;=168 mg/I after 60 min, 120 min and 150 min, respectively,
in CIP=5 mg/l at 30°C (Table 2: SET 3). The EC, values decre-
ased to EC, =421 mg/l to EC,.=239 mg/l and to EC, =167 mg/l
after 60 min, 120 min and 150 min, respectively, in CIP=15 mg/1
at 30°C. The EC,, values decreased to EC_ ;=408 mg/I to EC, =230
mg/l and to EC,=162 mg/l after 60 min, 120 min and 150 min,
respectively, in CIP=60 mg/1 at 30°C. The Microtox acute toxicity
removals were 83.33%, 83.33% and 77.78% in 5 mg/1, 15 mg/l and
60 mg/1 CIP, respectively, after 150 min, at 30°C. It was obtained
an inhibition effect of CIP=60 mg/1 to Vibrio fischeri after 150 min
and at 30°C (Table 2: SET 3).

The EC values decreased to EC, ;=419 mg/l to EC, =266 mg/l and
to EC, ;=150 mg/l after 60 min, 120 min and 150 min, respectively,
in CIP=5 mg/l at 60°C (Table 2: SET 3). The EC,, values decreased
to EC, ;=414 mg/l to EC, =232 mg/l and to EC, =161 mg/1 after 60
min, 120 and 150 min, respectively, in CIP=15 mg/l at 60°C. The
EC,, values decreased to EC =403 mg/l to EC =218 mg/l and to
EC =148 mg/l after 60 min, 120 and 150 min, respectively, in
CIP=60 mg/1 at 60°C. The Microtox acute toxicity removals were
88.89%, 88.89% and 83.33% in 5 mg/l, 15 mg/l and 60 mg/1 CIP,
respectively, after 150 min, at 60°C. It was observed an inhibition
effect of CIP=60 mg/l to Microtox with Vibrio fischeri after 150
min, and at 60°C (Table 2: SET 3).

Table 2: Effect of increasing CIP concentrations on Microtox acute toxicity in pharmaceutical industry wastewater after electrochemical filtration

process, at 30°C and at 60°C, respectively.

Microtox Acute Toxicity Values, * EC (mg/l)
No Parameters e
0 min 60 min 120 min 150 min
*EC,, *EC *EC *EC
1 Raw ww, control 825 EC,=510 EC,,=650 EC, =640
30°C 60°C
0. min 60 min 120. min 150. min 0 min 60 min 120 min 150 min
*EC,, *EC *EC *EC *EC,, *EC *EC *EC
2 Raw ww, control 825 EC, =580 EC,=580 EC, =550 825 EC,=550 EC, =590 EC, ;=690
3 CIP=5 mg/l 825 EC =422 EC,;=241 EC =168 825 EC, =419 EC,;=266 EC, =150
CIP=15 mg/l 825 EC, =421 EC,;=239 EC =167 825 EC, =414 EC,;=232 EC, =161
CIP=45 mg/l 825 EC, =414 EC,=236 EC,~165 825 EC, =550 EC, ;=540 EC=500
CIP=60 mg/1 825 EC,,=408 EC, =230 EC,=162 825 EC,=403 EC, =218 EC =148

* EC values were calculated based on COD ; (mg/1).

Effect of Increasing CIP Concentrations on the Daphnia mag-
na Acute Toxicity Removal Efficiencies in Pharmaceutical In-
dustry Wastewater at Increasing Electrochemical Filtration
Time and Temperature

The initial EC_; values were observed as 850 mg/l at 25°C (Table

3: SET 1). After 60 min, 120 and 150 min electrochemical filtrati-
on time, the EC, values decreased to EC, =350 mg/l to EC ;=240

mg/l and to EC, =90 mg/l in CIP=45 mg/l, at 30°C (Table 3: SET
3). The toxicity removal efficiencies were 40%, 70% and 80% af-
ter 60 min, 120 min and 150 min, respectively, in CIP=45 mg/] at
30°C (Table 3: SET 3).

The EC_ values decreased to EC ;to EC, and to EC, after 60 min,
120 min and 150 min, respectively, in CIP=45 mg/1 at 60°C (Table

3: SET 3). The EC,,, the EC, and the EC, values were measured

25°
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as 150 mg/l, 60 mg/l and 375 mg/l, respectively, in CIP=45 mg/] at
60°C. The toxicity removal efficiencies were 50%, 80% and 90%
after 60 min, 120 min and 150 min, respectively, in CIP=45 mg/I
at 60°C (Table 3: SET 3). 90% maximum Daphnia magna acute
toxicity removal was obtained in CIP=45 mg/I after 150 min and
at 60°C, respectively (Table 3: SET 3).

The EC, values decreased to EC, ;=450 mg/1 to EC, =145 mg/l and
to EC, =260 mg/l after 60 min, 120 min and 150 min, respectively,
in CIP=5 mg/l at 30°C (Table 3: SET 3). The EC, values decreased
to EC, =450 mg/l to EC, ;=175 mg/l and to EC =100 mg/1 after 60
min, 120 min and 150 min, respectively, in CIP=15 mg/l and at
30°C. The EC, values decreased to EC, ;=300 mg/l to EC =170
mg/l and to EC, =52 mg/l after 60 min, 120 min and 150 min, res-
pectively, in CIP=60 mg/l and at 30°C. The Daphnia magna acute
toxicity removals were 70%, 70% and 60% in 5 mg/l, 15 mg/l and
60 mg/1 CIP, respectively, after 150 min and at 30°C. It was obser-
ved an inhibition effect of CIP=60 mg/l to Daphnia magna after
150 min and at 30°C (Table 3: SET 3).

The EC,; values decreased to EC, =130 mg/l to EC =425 mg/l

and to EC, =340 mg/I after 60 min, 120 min and 150 min, respec-
tively, in CIP=5 mg/l and at 60°C (Table 3: SET 3). The EC, va-
lues decreased to EC, =425 mg/l to EC, =140 mg/l and to EC =90
mg/1 after 60 min, 120 min and 150 min, respectively, in CIP=15
mg/l and at 60°C. The EC, values decreased to EC, ;=250 mg/1 to
EC,=110 mg/l and to EC =11 mg/l after 60 min, 120 min and
150 min, respectively, in CIP=60 mg/l and at 60°C. The Daphnia
magna acute toxicity removals were 80%, 90% and 70% in 5 mg/1,
15 mg/l and 60 mg/1 CIP, respectively, after 150 min and at 60°C.
It was observed an inhibition effect of CIP=60 mg/l to Daphnia
magna after 150 min and at 60°C (Table 3: SET 3).

Increasing the CIP concentrations from 5 mg/l to 60 mg/1 did not
have a positive effect on the decrease of EC, values as shown
in Table 3 at SET 3. CIP concentrations > 45 mg/l decreased the
acute toxicity removals by hindering the electrochemical filtrati-
on process. Similarly, a significant contribution of increasing CIP
concentration to acute toxicity removal at 60°C after 150 min of
electrochemical filtration time was not observed. Low toxicity re-
movals found at high CIP concentrations could be attributed to
their detrimental effect on the Daphnia magna (Table 3: SET 3).

Table 3: Effect of increasing CIP concentrations on Daphnia magna acute toxicity in pharmaceutical industry wastewater after electrochemical filtra-

tion process, at 30°C and at 60°C.

Daphnia magna Acute Toxicity Values, * EC (mg/l)
25°C
No Parameters 0. min 60. min 120. min 150. min
*EC,, *EC *EC *EC
1 Raw ww, control 850 EC, =625 EC,=370 EC, =155
30°C 60°C
0 min 60 min 120 min 150. min 0. min 60. min 120. min 150. min
*EC,, *EC *EC *EC *EC,, *EC *EC *EC
2 Raw ww, control 850 EC, =470 EC,,=230 EC, =115 850 EC, =375 EC, =212 EC,=75
3 CIP=5 mg/1 850 EC,;=450 EC, =145 EC, ;=260 850 EC, =130 EC, =425 EC, =340
CIP=15 mg/1 850 EC,;=450 EC, =175 EC =100 850 EC, =425 EC, =140 EC=90
CIP=45 mg/l 850 EC,=350 EC =240 EC, =90 850 EC,=150 EC, =60 EC=375
CIP=60 mg/1 850 EC,,=300 EC,=170 EC,=52 850 EC, =250 EC, =110 EC =11

* EC values were calculated based on COD; (mg/1).

Direct Effects of CIP Concentrations on the Acute Toxicity
of Microtox and Daphnia magna without Pharmaceutical In-
dustry Wastewater after Electrochemical Filtration Process:
The acute toxicity test was performed in the samples containing
5 mg/l, 15 mg/l, 45 mg/l and 60 mg/l CIP concentrations. In order
to detect the direct responses of Microtox and Daphnia magna to
the increasing CIP concentrations the toxicity test were performed
without pharmaceutical industry wastewater after electrochemical
filtration process. The initial EC values and the the EC, values
were measured in the samples containing increasing CIP con-
centrations after 150 min electrochemical filtration time. Table 4

showed the responses of Microtox and Daphnia magna to increa-
sing CIP concentrations.

The acute toxicity originating only from 5 mg/l, 15 mg/l, 45 mg/1
and 60 mg/l CIP were found to be low (Table 4). 5 mg/l CIP did
not exhibited toxicity to Vibrio fischeri and Daphnia magna befo-
re and after 150 min electrochemical filtration time. The toxicity
atributed to the 15 mg/l, 45 mg/l and 60 mg/l CIP were found to
be low in the samples without pharmaceutical industry wastewater
after electrochemical filtration process for the test organisms men-
tioned above. The acute toxicity originated from the CIP decreased
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significantly to EC,, EC, and EC, after 150 min electrochemical
filtration time. Therefore, it can be concluded that the toxicity ori-
ginating from the CIPis not significant and the real acute toxicity
throughout electrochemical filtration process was attributed to the
pharmaceutical industry wastewater, to their metabolites and to the
electrochemical filtration by-products (Table 4).

The maximum 97% CIP removal efficiency was obtained with the

MWCNT/BN-NSs/GO membrane during electrochemical filtrati-
on process in pharmaceutical industry wastewater, at pH=9.0 and
at 25°C, respectively.

The maximum 99% CIP removal efficieny was found with the
MWCNT/BN-NSs/GO membrane during electrochemical filtrati-
on process in pharmaceutical industry wastewater, at 5 mg/l CIP,
at pH=9.0 and at 25°C, respectively.

Table 4: The responses of Microtox and Daphnia magna acute toxicity tests in addition of increasing CIP concentrations without phamaceutical indus-

try wastewater during electrochemical filtration process after 150 min electrochemical filtration time.

Microtox Acute Toxicity Test Daphnia magna Acute Toxicity Test
CcIp Imt.m.l Acute Inhibitions after 150 min | EC Values Inlt.m.l Acute Inhibitions after 150 min EC Values
Conc. Toxicity ECy, electrochemical filtration (mg/1) Toxicity ECy, electrochemical filtration (mg/l)
(mg/) Value (mg/l) & Value (mg/l) g
5 EC =25 - - EC, =40 - -
15 EC, ;=80 4 EC =4 EC, =100 6 EC=6
45 EC,=150 6 EC=7 EC, ;=200 7 EC=12
60 EC,;=220 8 EC=10 EC,;=300 10 EC=16
Conclusions was stable in harsh environments such as acidic, alkaline, saline,

The maximum 99% CIP removal efficiency was obtained with the
MWCNT/BN-NSs/GO membrane during electrochemical filtrati-
on prcoess in pharmaceutical industry wastewater, at 1/2 GO/BN
NCs mass ratio, at 5 mg/l CIP, at pH=9.0 and at 25°C, respectively.

The maximum 99% CIP removal efficiency was obtained with the
MWCNT/BN-NSs/GO membrane during electrochemical filtrati-
on process in pharmaceutical industry wastewater, after 1. recycle
time, at 5 mg/l CIP, at pH=9.0 and at 25°C, respectively.

94.44% maximum Microtox acute toxicity yield was found in
CIP=45 mg/I after 150 min electrochemical filtration time and at
60°C, respectively. It was observed an inhibition effect of CIP=60
mg/l to Microtox with Vibrio fischeri after 150 min electrochemi-
cal filtration time at 60°C. 90% maximum Daphnia magna acute
toxicity removal was obtained in CIP=45 mg/I after 150 min elect-
rochemical filtration time and at 60°C, respectively. It was obser-
ved an inhibition effect of CIP=60 mg/l to Daphnia magna after
150 min electrochemical filtration time and at 60°C. CIP concent-
rations > 45 mg/l decreased the acute toxicity removals by hinde-
ring the electrochemical filtration process. Similarly, a significant
contribution of increasing CIP concentrations to acute toxicity re-
moval at 60°C after 150 min electrochemical filtration time was
not observed. Finally, it can be concluded that the toxicity origi-
nating from the CIP is not significant and the real acute toxicity
throughout electrochemical filtration process was attributed to the
pharmaceutical industry wastewater, to their metabolites and to the
electrochemical filtration by-products.

As a result, the MWCNT/BN-NSs/GO membrane during electro-
chemical filtration process in pharmaceutical industry wastewater

and then was still effective process. When the amount of conta-
minant was increased, the the MWCNT/BN-NSs/GO membrane
performance was still considerable. Finally, the combination of a
simple, easy operation preparation process and excellent perfor-
mance makes this MWCNT/BN-NSs/GO membrane a promising
option during electrochemical fitration process in pharmaceutical
industry wastewater treatment.
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