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Abstract

Accumulation and removal of pharmaceuticals and personal care products (PPCPs) such as naproxen, ibuprofen
and oxybenzone, bezafibrate, clofibric acid, carbamazepine, diclofenac from aqueous solutions was investigated
using glucose-reduced nano-graphene oxide (nrGO) under UV light. Graphite oxide was firstly oxidized by nitronium
ions (NO2*) solution using microwave heating to get nano-GO (nGO) with about 50 nm of diameter, and then nGO
was reduced in glucose at 135°C for 30 min to get nrGO with about 40 nm of diameter. The nrGO under UV light
was very effective in removing pharmaceuticals, exhibits excellent accumulation and removal of diclofenac,
naproxen and carbamazepine by more than 95%, while bezafibrate, ibuprofen and oxybenzone was eliminated by
80%. Clofibric acid was more stable, only eliminated by 60%. The synthesis mechanism of nrGO nanocomposite
was tested and characterized with Scanning electron microscopy (SEM), Fourier transform infrared spectroscopy
(FTIR), X-ray photoelectron spectroscopy (XPS), Raman spectroscopy, Atomic force microscopy (AFM) image
analysis, UV-Vis spectra, X-ray diffraction patterns, thermogravimetric analysis (TGA) and Differential scanning
calorimetry (DSC). The adsorption capacity of diclofenac, naproxen and carbamazepine to nrGO nanocomposite
was the highest (approx. 500.0 mgg™', 493.4 mgg™, 490.5 mgg™'). The calculated maximum adsorption capacities of
bezafibrate, ibuprofen, oxybenzone and Clofibric acid under UV light were 325.5, 348.2, 315.8, and 245.3 mg/g,

respectively).
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Introduction

Surface and drinking water are a very valuable natural resource and
its quality is essential for the survival of living creatures on the earth.
However, rapid industrialization is continuously degrading the quality
of water due to the addition of huge amounts of pollutants into the
water bodies [1,2]. Recently, pharmaceuticals and personal care
products (PPCPs) have been found in our environment, such as
antibiotics, hormones, antipyretic drugs, triclosan, etc. represent a new
type of pollutant in surface water; and represents a risk for both human
health and environment pollution. Indeed, pharmaceuticals and
personal care products (PPCPs) have been given much attention
because of their huge production and necessity in human life and
consumption worldwide [3]. PPCPs often persistence in the
environment and are inadvertently dumped into the water bodies
[4-6]. So far, various PPCPs have been found in natural surface water
and even in the tissues of fishes and vegetables [7,8]. Indeed, the exact
effect of PPCPs on human health and the environment is still not
completely understood. Recent reports indicated that PPCPs cause
several health problems, such as endocrine disruptions and change
hormonal actions [9,10].

Different types of methods have been applied for the accumulation
and removal of PPCPs from water, such as mesoporous material
absorbents (transition metal-grafted), biodegradation, chlorination,
advanced oxidation processes (AOPs) and ozonation [11-20]. These
methods have disadvantages, there removal of PPCPs from water

requires more improvement. For example, AOP and ozonation have
not proven to be completely successful and require high energy
consumption and the formation of residual byproducts [21,22].
Indeed, adsorption is an excellent method for the removal of PPCPs
from the environment considering the mild operation conditions, low
energy consumption, and nonexistent of side products. Moreover,
Nanotechnology offers good and efficient opportunity for removing
several types of pollutants present in today’s wastewater by the process
of adsorption. Indeed, the most widely studied adsorbents for the
removal of PPCPs in literature is carbonaceous materials, including
carbon nanotubes, activated carbon, and bone char [23].

Recently, graphene and graphene oxide are a nanomaterial which
have been tested for wastewater treatment. Graphene oxide (GO) has
been widely studied as a promising photo-absorbing agent for
photothermal therapy (PTT) due to its high photothermal
responsiveness, low toxicity, and low cost [24-26]. Also, the ultrahigh
surface area of graphene oxide (GO) and its polyaromatic structures,
represent as efficient for loading the aromatic hydrophobic drugs via
hydrophobic interaction and m-m stacking [27-29]. Reduced GO
(nrGO), due to the considerably enhanced optical absorbance and the
highly restored conjugated structures, is more efficient in PTT.

Chemical reduction of graphene oxide (GO) to graphene require the
use of harmful chemicals and toxic environmentally reducing agents,
restrict the mass production of reduced graphene which is of
tremendous technological importance. In our work we report a green
approach to the production of graphene, using bio-reduced by crude
glucose. The polysaccharide reduces graphene oxide (GO) to reduced
graphene at room temperature in an aqueous medium. Because of the
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accessibility, the mild reduction ability, presence of many oxidative
groups, and nontoxicity, glucose is considered as an excellent green
material for the reduction of GO [30-33]. Zhu et al. [31] in their work
used glucose as reductant to reduce GO, the reaction was carried out at
95°C for 60 min in the presence of reducing sugar and ammonia
solution in the reaction media. The ammonia solution was used as
catalyst to synergistically encourage the reduction reaction and benefit
the deoxygenation of GO, and it was shown that such reducing
capability related to the ability of the saccharides to form open-chain
structures [15]. Chiang et al. [33] also used iron (Fe) as catalyst to
accelerate the electron transfer between GO and glucose. Moreover,
Yuan et al. [32] in their work, reduced GO using glucose in ammonia
solution under 95°C for 2 h to obtain nrGO with high specific surface
area and micro- and meso-pore in its structure, Shen and co-works
also reduced GO in this solution with different amounts of glucose and
ammonia in an autoclave under 160°C for 4 h to obtain rGO with 4.59
of C/O ratio [33-43]. However, these synthetic materials become
sediments after centrifugation, thus they are too heavy and unsuitable
for loading abundant drugs.

In our work, we tested a novel green route to reduce nano-GO
(nrGO) by adopting pure glucose as a reductant to obtain reduced
nano-graphene oxide (nrGO). The nrGO obtained was then used for
selected pharmaceuticals and personal care products (PPCPs) loading
and removal from aqueous solutions under UV light. The studied
PPCPs includes: bezafibrate, clofibric acid, carbamazepine, diclofenac.
Before to the reduction, nGO was treated by a simple microwave to
enable easy nitronium oxidation on graphite oxide. The resulting
nrGO has three advantages: (1) excellent biocompatibility: very stable
for more than 1 month in water; (2) effective photothermal character:
~10.2-fold increment in NIR absorption at 808 nm compared with the
unreduced nGO; and (3) high PPCPs loading ability. Moreover, loaded
drugs can be effectively released using acid condition or glutathione
(GSH) or heating. These characteristics make the nrGO produced in
our work as an excellent nano-composite for high-efficiency in PPCPs
loading and removal.

Experimental

Synthesis of nGO

We prepared graphite oxide by a modified Hummer’s method using
expandable graphite flake. For oxidation process, 15 mg of graphite
oxide was mixed with nitronium ion solution in a microwave reaction
kettle for 25 s, and then the mixture was put into a microwave reactor
chamber to be heated for 10 min at the power of 150 W. After cooling
the mixturein ice bath, the reaction mixture was quenched with
100 mL of deionized water, neutralized by NaOH and Na,COj3, and
ultrafiltered repeatedly through a 30-kDa filter (Millipore) to remove
the inorganic salt. Then, the graphite oxide of reoxidation was
sonicated at 610 W for 2 h in an ice bath to obtain nGO. The control
sample of graphite oxide (nGO-0) was fabricated by sonication of
graphite oxide flake at 610 W for 2 h in an ice bath as described by
other researchers [19].

Synthesis of nrGO grafted derivative

After 120 mg of glucose was added to 5 mL nGO suspension (about
1 mg/mL) and sonicated for 30 min, the mixture was transferred to
autoclave and react at 120°C for 60 min to achieve sterile nrGO. The
resulting nrGO was stored at 4°C for further use. The control sample of

graphite oxide nrGO-0 was prepared by reducing nGO-0 similarly to
the synthesis of nrGO.

Characterization of nrGO

Atomic force microscopy (AFM, Agilent Technologies 5500, USA)
was used to image the nrGO on a mica substrate. UV-Vis spectroscopy
was performed using a UV-Vis spectrometer (Lambda 35, Perkin-
Elmer, Waltham, MA, USA) with a 1-cm quartz cuvette. Absorption
spectra were measured using auto microplate reader (Infinite M200,
Tecan, Austria). Fourier transform infrared (FTIR) spectra were
performed on a FTIR spectrometer (Bruker Tensor 27, Karlsruhe,
Germany). Inorder to get nrGO samples without bound glucose for
FTIR spectroscopy assay, NaCl was added to nrGO solutions to
precipitate nrGO irreversibly, and then the precipitation was
centrifuged and rinsed ten times. Raman spectra were performed using
Renishaw (New Mills, UK) inVia micro-Raman spectroscopy system
equipped with a 514.5-nm Ar" laser. Luminescence Spectrometer (LS
55, PerkinElmer, USA) was used to record fluorescence emission of
DOX with 488 nm excitation. The images of all samples were done
using a digital camera (Nikon, Tokyo, Japan) with 1280 x 1280 pixels
resolution. For size distribution measurements, Zeta potential, and
polydispersity index (Pdi) of GO materials were conducted with the
Zetasizer (Malvern Instruments Ltd., UK), in which mean size=size
class (nm) x number distribution date (%).

Adsorption procedure

5 mg of the prepared nrGO absorbents and 50 ml PPCPs solution
were put in 50 ml glass bottles and processed in an incubator shaker at
a frequency of 100 rpm. The initial concentration of PPCPs is 0-70 mg
L'L. The blank experiments without absorbents were also conducted to
confirm that the decrease of drug concentration was because of
absorbents instead of any other factors. After the adsorption process,
the drug concentration was measured by the UV spectrophotometer in
phosphate buffer at pH 7.2, at the peak of A,,,=273 nm was used for
naproxen, Ap,,=222.4 nm for ibuprofen, A,,,=242 nm for oxybenzone,
and Ap,=254 nm for bezafibrate, A\,,,=230 nm for clofibric acid,
Amax=284.5 nm for carbamazepine and Ap,,,=275 nm for diclofenac. A
calibration curve between absorbance and concentration of drug (0-20
mgL!) was constructed according to the Beer-Lambert's Law. For
solutions with concentration higher than 20 mgL™!, the solutions were
first diluted with DI water. Meanwhile, kinetic studies were performed
at a constant temperature of 25°C and 100 rpm. with 50 mgL™! initial
concentration of drug solutions with different adsorption time. The
solid-liquid ratio experiments were conducted in 100 mgL! PPCPs
solutions with varying solid-liquid ratio from 1:8 to 1:2. The effect of
solution pH on drug removal was studied in the range of 3-10 with 100
mgL! initial concentrations of PPCPs solutions. The initial pH values
of all the solutions were adjusted using 0.1 molL! HCl or 0.1
molL! NaOH solution with desired concentrations.

Results and Discussion

Characterization using SEM image

Characterization using SEM image were done to understand the
morphological of GO and nrGO, and to test the influence of reduction
of nano-GO (nGO) by pure glucose on the change in morphology of
the structure. Dozens of SEM images were done for each sample. The
typical morphology of SEM pictures of GO and nrGO are presented
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in Figures 1A and 1B. SEM images showed GO as wavy, multilayered
and folded flakes (Figure 1A). The nrGO images showed that the
reduced GO nanocomposite consisted of many layers stacked on top of
one another like sheets of paper, with silky, wrinkled and flower-like
morphology. The SEM images of GE-nrGO revealed that most of the
GO was efficiently reduced to ultrathin sheets with wavy and porous
structures of graphene (Figure 1B). The graphene sheets were found to
have a curled morphology consisting of a thin, wrinkled, paper-like
structure, with approximately four layers and a large specific surface
area. This morphology difference observed between the stacked, folded
structure of GO and the folded structures of reduced graphene
suggests that the GE reduction process played an important role in the
transformation of GO to reduced graphene.

Figure 1: SEM images of (A) GO and (B) nrGO.

Ultraviolet-visible absorption spectra of GO and r-GO

Figure 2 shows ultraviolet-visible absorption spectra of graphene
oxide (GO), r-GO and r-GO loading drug after 24 h suspension in
water drug solution. The GO spectrum shows an absorbance peak
centered at 229 nm, which can be attributed to n-n" transition of C-C
bonds and a prominent shoulder peak at 302 nm, which can be
correspond to n-m transition of C=O bonds, respectively. The
observed r-GO spectrum after reoxidation process for a period of 12 h
and 24 h is shown in Figure 1. Upon exposure to oxidizing agent, the
peak attributed to m-n" transition of C-C bonds is red shifted to 263
nm and the shoulder peak at 302 nm is completely disappeared, which
indicates the restoration of sp? carbon structure. The clear shoulder at
302 nm is started diminishing in less than 1 h of exposure to reducing
agent and completely vanished after 2 h. After drug loading the
absorption peaks of nGO had a blue shift from 229 nm (nGO-0) to
224 nm due to the destruction of the conjugated structure upon drug
interaction. Moreover, the increase in visible light absorption of nGO
indicated an exfoliation of graphite oxide during microwave heating
and nitronium oxidation. The nrGO has more than a 10.0-fold increase
in absorption at 808 nm wavelength over the unreduced nGO. Chen et
al. [23] have showed that when reacted with graphite, NO?*can attack
the defect-free graphene planes and etch the existing oxidized sites. On
the other hand, it was revealed on our work during nitronium
oxidation on graphite, multiple hydroxy or epoxy groups were formed.
These groups across the surface of the achieved graphene, and
subsequent oxidation resulted in more hydroxy and epoxy groups
which were preferentially formed away from the carbon atoms already
oxidized due to the electron-donating capability of the resulting

hydroxy and epoxy groups. These results are consistent with the work
of Chen et al. [23]. Thus, we predict that when attacked by NO?*, the
GO was covered with a set of elementary oxidation groups, such as
hydroxy or epoxy groups, making GO more exposed to the reduction
conducted by aldehyde groups from glucose molecules.
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Figure 2: Ultraviolet-visible absorption spectra of (a) graphene
oxide (GO), (b) nrGO and (c) nrGO loading PPCPs after 24 h
suspension in water drug solution.

XRD analyses of GO and nrGO

The nanocomposite structures of GO and nrGO were tested and
confirmed using XRD analysis. Figure 3 shows XRD pattern of (A) GO
and (B) nrGO. The XRD results are related to the reduction of GO by
glucose and the process of removing the inclusion of water molecules
and oxide groups. Three experiments were performed at least for each
sample and reproducible results were obtained. The observed
characteristic peak of GO at 206=11.8 nm, attributed to a d-spacing of
0.74 nm due to the formation of hydroxyl and epoxy and carboxyl
groups. However, for the nrGO showed no peaks at 11.8°, seemed to be
suggesting that most of the oxygen functional groups of GO were
removed, while the presence of an intense diffraction peak at around
26.5° suggesting that the typical m stacking of the GO was
functionalized by GE. Thes results also indicates that the glucose
played an essential role in deoxygenation of GO. The observed
interlayer spacing high value of exfoliated GO was attributed to the
introduction of numerous oxygenated functional groups on the carbon
sheets. After the exfoliated GO was reduced by GE, a new observed
diffraction peak was observed at 26=26.5° with d-spacing=0.35 nm.
The noticeable new sharp peak at 26=26.5° suggesting a highly
organized crystal structure with an interlayer spacing of 0.35 nm. The
commercial graphene oxide shows a stacking nanostructure of about
22 x 6 nm average diameter by height with the distance of 0.9 nm
between 6-7 graphene layers, whereas the respective reduced graphene
oxide (r-GO) about 8 x 1 nm average diameter by height stacking
nanostructure with the distance of 0.4 nm between 2-3 graphene
layers. All tested graphene oxide samples give the C/O ratio of 2.1-2.3,
26.5-32.1 at% of C sp> bonds and high content value of oxygen
functional groups (hydroxyl-C-OH, carbonyl-C=Opoxy-C-O-C,
carboxyl-C-OOH, water H,O). Indeed, the reduction process increases
the C/O ratio to 2.8-10.3 and decreases C sp® content to 11.4-20.3 at%
and also the content of C-O-C and C=O groups, go along with
increasing content of C-OH and C-OOH groups. The accompanied
formation of additional amount of water due to functional oxygen
group reduction leads to layer delamination. Removing of functional
oxygen groups results in decreasing the distance between the graphene
layers.
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Figure 3: In the XRD pattern of (a) GO, (b) nrGO and (c) graphite
powder.

FTIR spectra of GO and nrGO

ATR-IR spectrum in Figure 4 shows a broad band of 3338 cm’l,
which is due to O-H stretching vibrations. GO shows peak centered at
1033 cm! (epoxy or alkoxy C-O), 1154 cm™! (carboxyl C-OH), 1400
cm™! (carboxyl C-O), 1635 cm™! (aromatic C=C), 1716 cm™! (C=0 of
carboxylic acid). Upon reduction of GO, most of the peaks attributed
to oxygen functional groups are disappeared. Even the peaks intensity
of carboxyl group at 1400 cm! is reduced significantly after 2 h of
reduction (Figure 4).
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Figure 4: Shows FTIR spectra of the (a) GO, (b) nrGO and (c)
PPCPs loading nrGO.

The reduced sample shows interestingly, some new peaks appeared
in the spectra, the two prominent peaks centered at 1586 cm™ and
1164 cm’}, attributed to the skeletal vibration of the graphene sheets
and are due to the aromatic C=C and C-O stretching. Noteworthy,
most of the peaks related to the oxygen-containing functional groups
were removed in the FTIR spectrum of r-GO, suggesting that these
oxygen-containing functional groups were removed in the process of
reduction using glucose. Moreover, as shown in Figure 4, GO had very
strong peaks at 3,338 cm’! (O-H), the bands associated with the
oxygen functional groups were significantly decreased in nrGO
spectra.

The greatly reduced peak at about 1400 and 3338 cm™! of nrGO
indicated the removal of the epoxy group and hydroxy (Figure 4). In
addition, after drug loading the presence of the peaks at ~ 2920 and ~
2850 cm! corresponding to the symmetric and antisymmetric

stretching vibrations of the CH2 group and the enhancement of the
peaks at ~ 1595 cm™ and ~ 1270 cm™! corresponding to the C=N and
C-N stretching vibration, respectively demonstrated that a part of the
drug was covalently connected onto the surface of nrGO (Figure 2c).

X-ray photoelectron spectroscopy (XPS) analysis of GO and
nrGO

X-ray photoelectron spectroscopy (XPS) is an indispensible
technique for elucidating the empirical formula, the elemental
composition, chemical and electronic state of substances. In our work
it was used to investigate the chemical analysis of GO and nrGO. The
calculated binding energy of 285.0 eV was assigned for the C-C, C=C,
and C-H bonds on the surface of GO sheets. Furthermore, the
observed large peaks at 284.6 eV in Figure 5A corresponding to
sp? carbon components, and the large oxygenated carbon-related
signals peaks at 286-289 eV attributed to C-O single-bond components
of hydroxyl and epoxide. These peaks which corresponding to epoxide
and hydroxyl groups were significantly decreased after reduction by
glucose, thus suggesting that most of the epoxide, hydroxyl, and
carboxyl functional groups were removed after the reduction. Our
results showed that GO exposure to glucose from 1 to 2 hours cause
decreased by 60% of oxygen-containing functional groups, indicating a
relative chemical reduction of the sheets by interaction with the
glucose.
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Figure 5: X-ray photoelectron spectroscopy analysis of of Cls in (a)
GO and (b) nrGO.

Raman spectra of GO and nrGO

Raman spectroscopy is an important, nondestructive and valuable
technique which characterize the structure and quality of carbon
materials in the crystal structures. The Raman spectrum of the GO
showed a strong G-band at 1,608 cm™! and a D-band at 1,355 cm™! as
seen in Figure 6A. The G-band is designated for E2 g phonon of C sp?
atoms, and the D-band is designated for breathing mode of k-point
phonons of Alg symmetry. Figure 6B display the Raman spectrum of
nrGO, it is clear that the G-band was broadened and shifted upward to
1,587 cm™!. However, the intensity of the D-band showed at 1,351 cm!
was increased substantially. These changes could be attributed to the
significant decrease of the size of the in-plane sp? domains due to
oxidation and ultrasonic exfoliation and the partially ordered of crystal
structure of reduced graphene nanosheets. The obtained data from
Raman spectra of nrGO give evidence for a structural change due to
the reduction process by glucose. The observed G-peak and D-peak
were both widened and were shifted to approximately to 1,587 cm™
and 1,351 cm’), respectively (Figures 6A and 6B). Interestingly, the
D/G intensity ratio of nrGO (2.1) was higher than that of GO (1.8),
suggesting the introduction of sp® defects after functionalization and
incomplete recovery of the structure of graphene. However, the
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increase in the D/G intensity ratio, indicating a decrease in the size of
the in-plane sp? domains and a partially ordered crystal structure of
the r-GO. The noticed variations in the relative intensities of the G-
peak and D- peak indicate a change in the electronic conjugation state.
These changes suggesting an increase in the number of sp2 domains
following reduction of GO. Raman spectra of drug-nrGO samples give
evidence for a structural change during drug complexation porcess.
The G-peak and D-peak were both widened, the G-peak were shifted
further to 1,598 cm}, 1,595 cm™!. In addition, the D-peak were shifted
further to 1,335 cm!, 1,337 cm’! respectively (Figures 6C and 6D).
Interestingly, the G-peak and D-peak were both split indicating sp*
defects after complexation with the drugs. However, the observed
increase in the G/D intensity ratio, suggests an increase in the size of
the in-plane sp? domains and a partially disordered crystal structure of
the drug- rGO complex. Thus, the variations in the relative intensities
of the G-peak and D- peak indicate covalent interaction between the
drug and the nrGO, a change in the electronic conjugation state of the
graphine.

1/1,=0.88

I/1,=1.07

Intensity(a.u.)

PPCPs-nrGO-1

PPCPs-nrGO-2

500 1000

1500

2000
Raman shift(cm ')

Figure 6: Raman spectroscopy analyses of (a) GO (b) nrGO and
(c) PPCPs-nrGO sample-1 and (d) PPCPs - nrGO sample-2.

Atomic force microscopy characterization of GO and nrGO

Atomic force microscopy (AFM) is a topographic technique wih
three-dimensional and high atomic resolution to measure surface
roughness. The technique was applied to further measure the height
and surface profiles of GO and nrGO. Figures 7A and 7B show typical
AFM images of GO and nrGO, the mean thickness of GO measured to
be about 32.58 nm. However, the prepared nrGO was measured to be
about 45.97 nm. Thus, our findings suggest that the reducing
properties of glucose could account for the observed increase in
thickness of nrGO through removal of oxygen-containing functional
groups in GO, and the displacement of the sp® hybridized carbon
atoms slightly above and below the original graphene plane. Which
was corresponding to the capping reagents important role in
increasing the thickness of nrGO. Drug-reduced GO nanocomposite
showed greater thickness than nrGO, which was attributed to the
adhesion forces and adsorption of drug entities on the nrGO surface.
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Figure 7: Surface and thickness analysis by atomic force microscopy
images of (A) graphene oxide (GO) and (B) Reduced graphene
oxide (nrGO).

100 pg of nrGO, indicating the saturated adsorption of DOX on
nrGO being at 3.2-folds of weight ratio.

The PPCPs adsorption capacity

The pharmaceuticals and personal care products (PPCPs)
accumulation and removal capacity was evaluated by placing the as-
prepared  glucose-reduced  nano-graphene  oxide (nrGO)
nanocomposites in PPCPs aqueous solutions at pH 7.2 and under UV
light. The studied PPCPs include: naproxen, ibuprofen and
oxybenzone, bezafibrate, clofibric acid, carbamazepine, diclofenac. The
nrGO has the probability to act as a light photocatalyst for degradation
of drugs in the adsorption process. So, the present adsorption
experiments were measured and repeated in almost dark condition.
The concentration of the PPCPs was determined at A, for each one.
The absorption maxima were measured at A,,,=273 nm for naproxen,
Amax=222.4 nm for ibuprofen, A;,,x=242 nm for oxybenzone, A;,x=254
nm for bezafibrate, A,,,=230 nm for clofibric acid, A,,,=284.5 nm for
carbamazepine and A,,,=275 nm for diclofenac. A calibration curve
between absorbance and concentration of drug (0-20 mgL!) was
constructed according to the Beer-Lambert's Law. For solutions with
concentration higher than 20 mgL!, the solutions were first diluted
with DI water. In order to determine the concentration of drugs
residual form wastewater samples, samples were collected at different
time intervals. The drugs removal rates were calculated according to
the equation of K=(A0-AT)/A0 x 100%, where K is the PPCPs removal
rate, AO is the absorbance of the drug stock solution, and AT is the
absorbance of the supernatant liquid collected at different time
intervals. Table 1 shows the percent of PPCPs removal under visible
and UV light, respectively. Under UV illumination diclofenac,
naproxen and carbamazepine was almost completely degraded. The
percent of drug removal using nrGO nanocomposites can reach nearly
100% for diclofenac, naproxen and carbamazepine under UV light and
91% under visible light. Naproxen and carbamazepine removal using
nrGO nanocomposites 95% and 93% were removed under UV light
83% and 86% were removed under visible light, respectively. For
bezafibrate, ibuprofen and oxybenzone removal using nrGO
nanocomposites 90%, 89% and 86% were removed under UV light
89%, 82% and 80% were removed under visible light, respectively
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Whereas for Clofibric acid nearly 60% were removed under UV light
and 52% under visible light. Thus, glucose-reduced nano-graphene
oxide (nrGO) nanocomposites offer a green alternative to synthetic
polymers in the preparation of soft nanomaterials for removal of
PPCPs in wastewater.

The adsorption capacity of diclofenac, naproxen and carbamazepine
to nrGO nanocomposite was the highest (approx. 500.0 mgg’!, 493.4
mggl, 490.5 mgg™!). The calculated maximum adsorption capacities of
bezafibrate, ibuprofen, oxybenzone and Clofibric acid under UV light
were 325.5, 348.2, 315.8, and 245.3 mg/g, respectively).

Results? + S.D. Results? + S.D.
PPCPs Using nrGO under visible| Using nrGO under
light UV light
diclofenac 91% 99%
Naproxen 83% 95%
carbamazepine 86% 93%
bezafibrate 89% 90%
ibuprofen 82% 89%
oxybenzone 80% 86%
Clofibric acid 52% 60%
a: Mean of three determinations

Table 1: The compared remedation of PPCPs pollutants from
wastewater with nrGO nanocomposites under visible and UV light.

Conclusions

Based on our results, nrGO nanocomposite can be used for
accumulation and removal of pharmaceuticals and personal care
products (PPCPs) from wastewater. The PPCPs can form inner-sphere
complexes with the surfaces of nrGO nanocomposite. The adsorption
kinetics studies show that the kinetics data conform to the pseudo-
second-order kinetics model. The maximum adsorption capacity for
diclofenac is 500.0 mgg™!, naproxen is 493.4 mgg™! and carbamazepine
is 490.5 mggl. The calculated maximum adsorption capacities of
bezafibrate is 325.5 mgg’!, ibuprofen is 348.2 mgg™!, oxybenzone is
315.8 mgg! and Clofibric acid is 245.3 mgg!. High adsorption
capacity was observed even after 4 cycles of adsorption tests, indicating
that it has an excellent regeneration performance. The adsorption
ability is based on hydrogen bonding or ion interactions with PPCPs as
well as nt-m interactions of nrGO nanocomposite with aromatic rings of
drugs. Finally, the major conclusion of this work is the existence of a
huge amount of literature regarding these types of graphene-based
nanocomposites and the opportunity existing to further expand
graphene chemistry in order to synthesize more stable and effective
materials with improved properties for innovative applications.
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