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Abstract

: Penicillin G (PG) is one of the most widely antibiotics used around
the world. The release of PG in an aqueous solution leads to contamination of water
resources. This study aimed to determine the efficiency of modified Eskanbil
activated carbon for the removal of PG from aqueous solutions. The NH4Cl-induced
activated carbon was synthesized by a simple method and used for the degradation
of PG in contaminated water.

: Activated carbon was characterized by Fourier transform
infrared spectroscopy (FTIR), Field emission scanning electron microscopy
(FESEM), and Brunauer—Emmett—Teller (BET) surface area analysis. The influence
of important parameters including solution pH, contact time, and initial PG
concentration, and dosage of adsorbent was examined on the efficiency of EAC in
degradation of penicillin G in aqueous solution.

: The synthesized carbon was characterized. The BET results indicated that
the surface area of the Activated Carbon catalyst was1473 m?/g. The maximum PG
adsorption onto EAC was observed at the pH of 6. The PG removal of 33% at an
EAC concentration of 0.1 g/L increased to 99.98% at an activated carbon
concentration of 0.5 g/L. The isotherm and kinetic studies of PG removal by EAC
showed that the Freundlich model (R*>0.995) and the pseudo-second-order
(R%>0.983) equation represented the best fit with the adsorption data.

: EAC is recommended as a suitable and cost-efficient adsorbent for
removing poisons, pharmaceuticals, and other emerging contaminants from water
resources.
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Introduction

In recent years, drug use has expanded due to the
high prevalence of diseases, advances in science,
and the expansion of the pharmaceutical
industry. As a bacteriostatic agent, penicillin is
used to destroy infectious bacteria. B-Lactams
account for more than 65% of antibiotics used
worldwide, among which the amoxicillin group
is the most widely used antibiotics. B —lactams
groups (penicillin, amoxicillin, and ampicillin)
account for 32.6% of the total antibiotics
consumed in Iran. Considering large quantities
of antibiotics consumed, the increased
concentration of these pharmaceuticals in water
has reduced the water quality Penicillin G (PG)
is one of the most widely antibiotics used around
the world. The release of PG in an aqueous
solution leads to contamination of water
resources. This study aimed to determine the
efficiency of modified Eskanbil activated carbon
for the removal of PG from aqueous solutions.
The NH4Cl-induced activated carbon was
synthesized by a simple method and used for the
degradation of PG in contaminated water.

The aim of this study was to prepare carbon
with suitable adsorption capacity from native
plants, which was prepared from Eskanbil wood
and modified with ammonium chloride, and then
the effectiveness of this adsorbent in removing
penicillin antibiotics was investigated.

Methodology

This study is a batch adsorption method study.
After preparing activated carbon and optimizing
it, different variables affecting the adsorption of
penicillin G by carbon from Eskanbil wood were
tested. The resulting biochar’s were granulated
by carbon sieves 16-20 and turned into carbon
granules. The resulting granules were
impregnated with NH4CL to increase the carbon
porosity and, of course, the adsorption capacity
during ammonium explosion activation. The
ratio of four to ammonium chloride was 1 to 10%
by weight and the mixing operation was
performed for 6 hours. After carbon preparation,
pHzpc tests, pore size, specific surface area,
surface active groups and its morphology were
performed. Specific surface area and pore size
were calculated by adsorption and desorption of
BET test. Surface active groups by infrared
spectroscopy  test. (FTIR) and carbon
morphology were identified by scanning electron
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microscopy scanning. The influence of important
parameters including solution pH, Contact time,
and initial PG concentration, and dosage of
adsorbent was examined on the efficiency of
EAC in degradation of penicillin G in aqueous
solution. Penicillin G was calculated by the
(KNAUER, Germany) HPLC column with Cig
column with UV detector at 290 nm.

The removal efficiency of penicillin G in each
experiment was calculated from the following
formula:

Po=Pt 100
Po

Percentage removal of penicillin = (D
Where P, represents the initial concentration of

penicillin G and P;is the penicillin concentration
after mixing with Eskanbil wood.

Result

Carbon prepared at different concentrations of
NH4CL showed that carbon prepared at a
concentration of 2% by weight had a better

removal rate than other concentrations of
ammonium chloride for both carbons and
concentrations less than or more than 2%.

Ammonium chloride had a lower removal
percentage. The results of the specific surface test
showed that Eskanbil carbon has a specific surface
area of 1473 square meters per gram, and the
average diameter of the holes is 2.19 nm.
Calculation of pH_p. of the above carbons showed
that Eskanbil carbon has a pH of 7.5. The FTIR
spectrum of carbon from Eskanbil wood shows that
this carbon has an adsorption in the wavelength
range of 13430 to 875 cm™’ and a maximum
adsorption in the wavelength of 13430 cm™, which
means that the above carbon has OH bands and a
hydroxyl group in This is the wave. The best result
was obtained in pH of 6 for 50 mg/L penicillin G
solution mixed with 0.01 mg/L synthesized
activated carbon for 12 min, that leading to a
removal efficiency of PG > 99%.

The interesting thing about the carbon produced
is that this carbon has a great effect on pH and has
different removal percentages at different pHs and
has the best performance in the pH range of 6 and
has lower removal efficiencies at lower and higher
pHs. So that at pH 4, this carbon has 25% removal
and with increasing pH to 6%, the removal
increases to 99%.
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Figure 1. Effect of pH on antibiotic removal by modified activated carbon

The maximum PG adsorption onto EAC was
observed at the pH of 6. The PG removal of 33%
at an EAC concentration of 0.1 g/L increased to
99.98% at an activated carbon concentration of 0.5
g/L.

Evaluation of the effect of contact time and
concentration of penicillin G: To evaluate the
effect of contact time and concentration of
penicillin G, three concentrations of 25, 50 and 100
mg/l penicillin G were used during mixing times of
5 to 40 minutes, carbon concentration of 0.01 gr/l
and pH=6. The removal percentage increases with
increasing contact time at all three concentrations,
so that at a concentration of 25 mg /1 penicillin G,
when the contact time increases from 5 to 20
minutes, the removal percentage Increases from
81% to 100% by carbon Escanbil. The
concentration of penicillin G is also one of the
effective factors in the removal percentage, so that
in 20 minutes, when the concentration of penicillin
G increases from 25 to 100 mg per liter, the
removal percentage of carbon decreases from
100% to 56%.

Effect of adsorbent concentration: The effect of
concentration of 0.1 to 0.8 g/l of Escanbil carbon
in 50 mg/1 solution of penicillin G during mixing
for 10 minutes and optimal pH. The removal of
penicillin G At a concentration of 0.1 g /1 Escanbil
43% and with increasing concentration to 0.2 g/l
the removal percentage reaches 91.18%. 0 g /1.

The isotherm and kinetic studies of PG removal
by EAC showed that the Freundlich model
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(R*>0.99) and the pseudo-second-order (R*>0.99)
equation represented the best fit with the
adsorption data.

Discussion

The results of the effect of pH on the removal of
penicillin G showed that the carbon level of
Escanbil has a positive charge at acidic pHs and
below pHzpc, and penicillin G is cationic at acidic
pHs, which causes the carbon surface to be repelled
at acidic pHs., And the removal percentage is low
at low pH and with increasing pH both the positive
charge state of penicillin G decreases and the
positive charge of carbon decreases and around the
neutral the percentage of carbon removal increases
with increasing pH above pHzpc negative charge
carbon Penicillin G also has a molecular state and
the adsorption of penicillin G on carbon is due to
the van der Waals force between penicillin G and
the surfactants on carbon, which seems to be
reduced in the case of scanbil carbon and the
removal rate decreases.

As can be seen in the graph of the effect of
carbon concentration on the removal of penicillin
G, with increasing carbon concentration, the
percentage of removal of penicillin G has
increased,) The increase in removal efficiency with
increasing adsorbent concentration is related to the
increase in active sites available for adsorption at a
constant concentration of penicillin G. The reason
for the high carbon uptake potential of modified
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carbon compared to other carbons can be related to
the fact that more surfactants are active and also
their number is high, especially carboxyl and
hydroxyl groups. Also, the high specific carbon
level of compared to other adsorption studies can
be one of the reasons for the high adsorption power
of carbon. Increasing the initial concentration of
penicillin G and contact time showed that with
increasing the concentration of penicillin G, we
will increase the transfer force, but due to the
occupation of carbon adsorption sites at high
concentrations of penicillin G, the removal
efficiency decreases. As the mixing time of the
collision between the molecules of penicillin G and
carbon increases, the removal efficiency increases,
but it is noteworthy that in all concentrations
compared to similar studies, carbon scavenble has
a high adsorption rate and more than 50%
adsorption capacity in 5 The first minute is
completed and in 20 minutes Escanbil carbon is
removed to 85.8%, while in the study by Vona et
al., The removal of penicillin G from contaminated
water by waste activated carbon was removed to
87.5% in 75 minutes. Rapid adsorption of
penicillin G on carbon indicates high surface mass
transfer, which is affected by the availability of
adsorption sites on the adsorbent, as well as the
high and rapid interactions of penicillin G
molecules with the adsorbent surface.
Examination of the results of penicillin G
adsorption equilibrium tests and its isotherm model
on the above carbon shows that the decrease in the
adsorption efficiency of penicillin G on Escanbil
carbon with increasing its concentration is related
to the restriction of adsorption sites on carbon for
more penicillin molecules. G is in solution, but
increasing the adsorption capacity by increasing
the concentration of penicillin G in solution in the
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presence of a constant amount of adsorbent is
related to increasing the mass transfer of penicillin
G molecules in higher concentrations, which
increases the adsorption capacity. Others agree.
For example, in Mousavi et al.'s research on the
absorption of amoxicillin on pomegranate wood
adsorbent, similar results were obtained, but the
adsorption capacity of pomegranate carbon in the
absorption of amoxicillin was 425 mg / g, which is
much less than penicillin G. This indicates that
Escanbil carbon has a high capacity to absorb
penicillin G. This is due to the presence of a
specific surface and more active surface groups of
Escanbil carbon than other carbons.

Conclusions

Carbon in penicillin G adsorption follows Freundlich
isotherm, the adsorption of pollutants on carbons is
multilayered. The points where the adsorption takes
place in India do not have the same conditions. Due
to its high adsorption status, it has high porosity,
density and type of surfactants on their surface.
Economics is recommended to remove toxins and
drugs and other emerging contaminants from water
sources.
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