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Abstract: The photocatalytic degradation of an aqueous
solution of Vitamin B12 drug has studied under different
conditions in the presence of ZnO nanoparticles suspension. The
effect of various parameters such as mass of ZnO, Vitamin B12
drug concentration and study Removal of a real sample
(mixture of pharmaceuticals compounds) by using ZnO. Results
showed that, the photo catalytic degradation process was high at
the beginning and then decreased with time. The explained
the photo catalytic degradation efficiency, which was
increased by increasing catalyst loading from 0.05 to 0.2 g.
The degradation efficiency decreased with the increase in
catalyst loading. Results also showed that the rate of photo
catalytic degradation was increased with decreasing Vitamin
B12 drug concentration.
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I. INTRODUCTION

Pharmaceuticals are frequently detected in treated
wastewater arising from sewage treatment plants, from
which they are not completely removed[1, 2]. Moreover,
recent studies have reported the presence of traces or
ultra-traces (ng L-1) of Pharmaceuticals in drinking
water [3, 4]. Many of these compounds are also
suspected to have adverse impact on humans and wild
life [5, 6] .Huge types of drug uses led to pollute the
surface water and groundwater., there are different
methods used for water treatment in our previous
work[7-10]. Advanced oxide processes (AOP) method
can be used to wastewater treatment[11]. It has been
ability to convert the pollutants into the harmless
materials. hydroxyl radicals (‘OH), this reactive radical
capable of mineralizing organic pollutants[12]ZnO is an
important material for various environmental and
technical applications, e.g., photocatalysis, dye-sensitized
solar cells, photovoltaic and self-cleaning
materials.[13-15] It exists commonly in nature in three
phases: anatase, brookite and rutile. Under ambient
conditions microcrystalline rutile is thermodynamically
stable relative to microcrystallineanatase and brookite.
However, the phase transitions between the three phases
are dependent on many factors such as particle size, pH,
surface energy, and solution chemistry.[16, 17] For
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instance, if the particle sizes of the three phases are
equal, anatase is the most thermodynamically stable
phase for crystal sizes below ca. 11 nm, brookite is most
stable for crystal sizes between ca. 11 and 35 nm, and
rutile is most stable for crystal sizes exceeding 35
nm[18].

Il. EXPERIMENTAL PART

A. Materials

Commercial ZnOnanoparticles powder were purchased
from (sigma-Aldrich, Germany) , ( Methylcobalamin)
Vitamin B12 drug was supported by Hila Company of
samara factory drug/ Iraq. All chemicals used in this
study were analytical grade and used directly without
further purification. Vitamin B12 chemical
formula:C63H88CoN14014P, MW: 1355.388 gemol—1,
Amax530 nm] The chemical structures are shown in

(Fig. 1).

Figure: 1 Chemical structure of ( Methylcobalamin)
Vitamin B12 drug

B. Preparation standard solutions

Freshly prepared aqueous solution of the pure drugs
.vitamin B12to prepare stock solution (1000 mg/L). by
dissolving 1gm of vitamin B12 drug in distilled water
the solution was made up to 1000 mL with distilled
water. Concentrations of drug were determined by
finding out the absorbance at the characteristic
wavelength ~ using a  double beam  UV/Vis
spectrophotometer (UV-Visible  spectrophotometer,
Shimadzu 1650). Calibration curves were plotted
between absorbance and concentration of the drug
solution.
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C. Photocatalytic experiments
The photo catalytic activity of theZnO nanoparticles
photo catalyst was evaluated by the degradation of
vitamin B12 drug wastewater. All experiments were
carried out in a photo-reaction vessel, with 200 ml of
total capacity. A 125 W high-pressure mercury lamp
with the strongest emission at 530 nm was used as light
source. The beakers were put under the ultraviolet light
maintaining the distance between the light source and
the surface of the solution controlled by using
UVA-meter (Dr. Honle/Germany).Prior to each test, the
lamp was turned on and warm up for about 15 min in
order to get a constant output. Batch tests were
performed as the following procedure, 0.2 g ZnOphoto
catalyst was added into 200 mL drug solutions, the
mixture was stirred in dark for 15 min to allow the
physical adsorption of drug molecules on catalyst
particles reaching the equilibrium.
Subsequently, the mixture was poured into the photo
reactor and began the photo catalytic degradation tests.
The reaction solution was mixed by an air diffuser,
which was placed at the bottom of the reactor to
uniformly disperse air into the solution with a flow rate
of 0.1 ml/min.
Samples were collected at regular intervals and were
immediately centrifuged to remove particles for analysis.
The concentration of drug was determined by measuring
the absorption intensity at its maximum absorbance
wavelength of 4 = 530 nm, by using a UV-Vis
spectrophotometer (1650 Shimadzu, Japan) with a 1 cm
path length spectrometric quartz cell, and then
calculated from calibration curve.
Effect of various operational parameters such as amount
of catalyst (0.5-2.0 g L?), and concentration of drug
(1050 mgL™) on the photo degradation efficiency was
studied. The percentage removal of photo catalytic
degradation of Vitamin B12 drug and apparent first
order rate constant were calculated using the following
relationships

PDE (%) = 100 x (Cy — C,)/C, (1)

C; e

&)=< (2)
Where, C, and C; are the initial and photolyzed

concentration (mg/L), respectively, PDE (photo catalytic
degradation efficiency), t is time of irradiation (min.)
and k is the apparent first order rate constant (min™).

I1l. RESULT AND DESICCATION

Effect of mass dosage

The influence of the photo catalyst concentration (0.5 -
2 gL™) on the photo catalyticdegradation of Vitamin
B12 drug was investigated at an initial Vitamin B12
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drug concentration of 10ppm, lightintensity (1.4
mW/cm2, flow rate of O2 (5 mL. min™) and buffer
concentration of thesuspension pH 6.[19]

In the region less than 2 gL™, when the mass dosage
were increased, the rate of degradation was increased
because the number of active sites increased. In the
region between 0.5-2gL*, shows an approximately
plateau curve which indicates the numbers ofactive sites
have an equilibrium between the numbers of photon
induced that absorbed by the catalyst and a particle of
drug adsorbed[20-22].Fig.2 represents the percent
degradation of Vitamin B12 drug against the different
amount of catalyst. This shows that the percent
degradation of modified catalysts increase with increase
in the amount of catalyst from0.5 - 2 gL and above
this limit there is not much change. [20-22]. This
indicated that the active site provided for the adsorption
of substrate on the catalyst surface is limited to catalyst
amount of 1.5 gL™ and after that low change in the
degradation. At higher dosage the vacant sites are
consumed by the intermediate products obtained during
the reactions which retard further degradation of the
substrate. Hence the percent degradation decreased or

retained without a noticeable change [23-27].
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Figure.2.The effect mass of 2ZnOon Photocatalytic
degradation of VitaminB12 drugExperimental
Conditions: initial concentration 10ppm, Temp. 25 °C,
and L.I. 1.4 mW.cm™,

Removal of a real sample (mixture of

pharmaceuticals compounds) by using ZnO

A real sample 200 ml of pharmaceutical pollutants with
a refry concentration were using in this study, then
added beakers in the presence of 2 gL™ from ZnO, after
that the mixture the beaker
was put under the ultraviolet
light maintaining the
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distance between the light source and the surface of the
solution  controlled by using UVA-meter (Dr.
Honle/Germany)for 1 hr, after that the supernatant were
separated by centrifuge and measured the remaining
concentration by using UV-Visible spectrophotometer at
a chosen wavelength at 530 nm show in fig.3 and found
when time increase the absorption decrease and gave
higher percentage removal[28].
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Figure 3. Effect Removal of a real sample (mixture of
pharmaceuticals compounds) by using ZnO
Experimental Conditions: mass amount 2 g.L™ initial
concentration 10ppm, Temp. 25 °C, and L.. 1.4
mW.cm™,

The Effect of initial Vitamin B12 drug concentration
on photo catalytic degradation processes :

The effect of change initial ( 10 — 50 mg/L ) on
Photocatalytic degradation process of Vitamin Bl2drug
was studied using 2gL™ , the light intensity equal tol.4
mW/cm?, and temperature equal to 298 K . The results
are plotted in Fig.4 It has been observed that the rate of
Photocatalytic degradation gradually decreases with the
increasing of initial Vitamin B12 drug concentration.
This behavior could be explained, the concentration
10ppm was the optimum concentration to cover the
largest area of the ZnO particles, therefore absorbed
maximum  exciting photons to generate higher
concentration of the activated ZnO semiconductor.
Another reason for this behavior is the strong absorption
of light by the Vitamin B12 drug the sample which
contain high concentration that 10ppm, Vitamin B12
drug on 2g /L™ 0fZnO. The excess of Vitamin B12 drug
prevent the penetration of light through the successive
layers of Vitamin B12 drug on the ZnO surface is weak
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to generate the required excited state of the Vitamin B12
drug on ZnO[29][12, 30]. The concentration of Vitamin
Bl2drug 10ppm gives the optimum Photocatalytic
degradation efficiency which is equal to 100 %. The
results of the change in percentage Photocatalytic
degradation efficiency (E %) with concentration of
Vitamin B12drug plotted in Fig.5.
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Figure 4. Photo catalytic degradation of B12 drug at
different initial concentration. Experimental Conditions:
mass amount 2 g.L™, Temp. 25°C, and L.I. 1.4 mW.cm™.
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Figure 5: percent removal B12 drug at different initial
concentration. Experimental Conditions: mass amount 2
g.L?, Temp. 25°C, and L.I. 1.4 mW.cm™.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication




ZnO Nanoparticles as a Model for Removal of Pharmaceutical Compounds (Vitamin B12)in the Presence of UVA
Light

IV. CONCLUSION

The obtained results show that Vitamin B12 drug can
be easily degraded by a ZnOassisted process in agueous
dispersions under UV irradiation. The photo degradation
of the drug follows first order kinetics and parameters
like the ZnO concentration, initial drug concentration
affect the photo degradation effect. The results indicated
that the catalyst loading, light intensity and the initial
drug concentration affected the degradation efficiency of
ZnO powders obviously. We learned that the photo
degradation efficiency is enhanced with the increase of
catalyst loading and the reverse effect is obtained with
the increase of initial drug concentration in our
experiments. The photo catalytic decomposition of
Vitamin B12 drug was most efficient in the solution at
lower initial concentration.
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