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Abstract — The coronavirus disease 2019 (COVID-19) outbreak has induced an unprecedented increase in
the use of several drugs, especially paracetamol, because, for COVID-19 symptoms, paracetamol is
recommended as the first-line antipyretic and analgesic medication. The excretion of drugs and their
metabolites in stools and urine release these drugs into wastewater, surface waters, and groundwater. This
study intends to examine the adsorption of paracetamol, one of the most used medications used during the
COVID-19 pandemic, from water using different adsorbents, commercial activated carbon (granular and
powder form), clay, silica gel, and zeolite. The experiments were conducted under constant conditions at
room temperature 27°C, initial concentration of 10 ppm, speed of rotation is 200 rpm, the mass of
adsorbents is 1 gm, pH 7.8, and volume of solution is 200 ml under different time intervals to study the
effect of each adsorbent in the removal process. As a result of this work, activated carbon was the best
adsorbent to remove paracetamol from water in both granular and powder forms, which gives the removal
0f 98.5% in 5 hours for granular and 93.33% in 1 hour for powder activated carbon. It is essential to improve
the characteristics of activated carbon to reduce the process's time to make it more economical.
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1.0 Introduction

The four categories of drinking water, groundwater,
surface water, and seawater are often used recently
to categorize water resources. Humans have long
been drawn to water, but increasingly, water
scarcity has become a significant problem in all
facets of human life [1]. Recent years have seen an
increase in the detection of chemicals such as
pesticides, food additives, pharmaceuticals and
other contaminants in the water thanks to the
development of new and more sensitive analytical
techniques. The wastewater from homes and
businesses, waste from treatment facilities, hospital
effluents, and other sources all contribute to the

environment’s growing pollution problem. Because
they have an impact on human health and animals,
eliminating these contaminants has become one of
the most urgent environmental issues [2].

Paracetamol is a widely used antipyretic and
analgesic medicine in many nations throughout the
world for the effective pain management of a variety
of conditions such as headaches, fever, and minor
aches [3]. Paracetamol is a widely used drug. After
consumption by animals and humans, it is excreted
through the urine to the sewer systems and natural
aquatic environments [4] Its toxicity has been
studied and is well-proven in microorganisms,
algae, protozoans, and fishes. Developing
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technologies to remove paracetamol from natural
and wastewater to avoid harmful health problems
over living organisms is actual. The global
consumption of paracetamol has grown. It ranks
among the top 200 prescriptions written in the
United States and among the top three
pharmaceuticals prescribed in the United Kingdom.
In the United Kingdom, around 3.2 x 10°
paracetamol tablets are consumed annually, or 55
pills per person. In some industrialized countries,
rates approached 20 g/person/year in the Nordic
countries. Because of their high solubility and
hydrophobicity, it is easily collected in aquatic
environments [5].

Paracetamol is considered the first line of
antipyretic and analgesia for COVID-19 symptoms.
Also, because paracetamol has been suggested as a
treatment for the COVID-19 pandemic's symptoms,
it is anticipated that drug usage will rise
significantly [6].

Many processes used to treat water sources from
paracetamol can be classified as physiochemical
processes. There have sand filtrations [7],
Membrane separation [8], Fenton and Fenton-based
processes [4], Advanced oxidation processes
(AOPs) [9], Ozonation [10], and biological
processes such as Anaerobic treatment [11], Fungal
treatment [12], Membrane bioreactor (MBR) [13],
and Bacterial treatment [14]. However, the most
common process used is adsorption because it
provides high efficiency and economical method
[15], [16], [17], and [18].

This study focuses on choosing a suitable adsorbent
to remove paracetamol from water to make the
process more effective.

2.0 Experiment
2.1 Materials and Method

Paracetamol (acetaminophen) with assay 98% -
102% supplied by SIGMA-ALDRICH, U.K,,
Commercial granular activated carbon provided by
R&M Marketing, Essex, U.K with particle size 1.5-
10 mm., Commercial powder activated carbon
supplied by SIGMA-ALDRICH, U.K., Clay
(bentonite) produced by SIGMA-ALDRICH, U.K.,
Silica gel made by R&M Marketing, Essex, U.K.
and Zeolite provided by SIGMA-ALDRICH,
Germany.

2.2 Adsorption process

First, a paracetamol solution with a concentration is
10 ppm was prepared by adding 0.01 g of
paracetamol to 1 L of distilled water with mixing for
1 hour. Then 200 ml was taken from this solution as
a sample. The experimental conditions were
measured, giving the temperature a lab temperature
of 27 °C and the pH value of after adding
paracetamol in distilled water 7.8. Then stirring was
used with a rotation speed of 200 rpm to mix the
solution for 30 minutes to make a homogenous
solution. After that, the initial concentration was
measured by UV-VIS and recorded before starting
the adsorption process. Then 1 gm of adsorbent was
added to adsorb paracetamol from water under
stable conditions, and the samples were taken to
check the concentration of paracetamol in solution
every 10 minutes for the first hour; after one hour,
the samples were taken each 30 minutes and
measured the concentration in the UV-VIS device.
The effect of four paracetamol adsorption materials
(adsorbents) from the water was studied (activated
carbon powder and granular, Silica gel, Bentonite,
and Zeolite), and the same procedures were repeated
for each adsorbent. Before starting the experiment,
10 ppm of paracetamol solution was prepared by
adding 0.01g of paracetamol in 1 L distilled water
to determine the maximum wavelength for
paracetamol in UV-VIS. The maximum wavelength
determined is 243.3 nm; it was too close to the
theoretical value is 243 nm.
Next, five different concentration solutions were
prepared to determine the calibration curve of the
adsorption process by diluting the first solution with
a concentration of 10 ppm by using the following
formula:

M1 x Vi =Mz x V2 1)
The solutions have concentrations of 2 ppm, 4 ppm,
6 ppm, 8 ppm, and 10 ppm. The calibration curve
was determined for wavelength is 243.3 nm and the
value of R? is 0.998.
After those four adsorbents were experimented with
to remove paracetamol from water under constant
conditions as the above procedures.

3.0 Results and discussion

In this study, the effect of different adsorbents
which studied under stable conditions which initial
concentration = 10 ppm, temperature = at room
Temp around 27 °C, the mass of adsorbents = 1 gm,
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the volume of solution = 200 ml, speed of rotation =
200 rpm and under natural pH = 7.8 under different
periods. Different results are obtained as the
following: -

3.1 Commercial Granular Activated Carbon

When used granular activated carbon with particle
size (1.5 mm — 10 mm) adsorb paracetamol for 5

hours, the following results were found: -
Table 1: Commercial Granular Activated Carbon

Number Time Concentration(ppm) | Adsorbate
(Min.)
1 0 9.847 0.582
Initial
Concentration
2 10 8.250 0.488
3 20 7.259 0.429
4 30 6.054 0.358
5 40 5.253 0.310
6 50 4.730 0.280
7 60 3.967 0.234
8 90 2.546 0.150
9 120 1.882 0.111
10 150 0.965 0.057
11 180 0.611 0.036
12 210 0.506 0.030
13 240 0.269 0.016
14 270 0.184 0.011
15 300 0.148 0.009

Table 1 and Figure 1 show the findings of the
adsorption process using commercial granular
activated carbon. The adsorption process is quick at
the beginning of the experiment. In the first hour,
the removal percentage was 59.7%, reaching
80.88% in the second hour. The removal rate
becomes slower after that because the activated
carbon surface, more precisely its carbon outer
layer, which has numerous vacant sites, gradually
occupies over time as a result of the adsorption
process [19]. After 2 hours of adsorption, there is no
substantial increment concerning the removal of the
drug due to the absence of free adsorption sites. The
free spaces are occupied by paracetamol molecules,
leading to no further rise in adsorption even with the
increase in paracetamol quantity, so after 2 hours
slight increase in removal percentage [18].

Time Vs. Concentration of paracetamol

o
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Time (min.)
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paracetamol (mg/L)

Figure 1: The removal of paracetamol by Commercial
granular Activated Carbon

3.2 Commercial Powder Activated Carbon

The experiment used for 1 hr by using a vacuum
pump and filter paper in the separation process, and
the following results were found: -

Table 2: Commercial Powder Activated Carbon

Number Time Concentration(ppm) | Adsorbate
(Min.)
1 0 10.633 0.629
Initial
Concentration
2 10 1.642 0.097
3 20 1.291 0.076
4 30 0.949 0.056
5 40 0.953 0.056
6 50 0.914 0.054
7 60 0.709 0.042

Table 2 and Figure 2 show the findings of the
adsorption process using commercial powder-
activated carbon. Significant removal of
paracetamol was observed in the first 10 minutes
with 84.55%, and the total removal of paracetamol
was 93.33% for 1 hour of the adsorption process.
From the findings, powder-activated carbon has a
significant affinity for paracetamol in solution.
There is no significant increase in elimination %
after 30 minutes of adsorption. After 30 minutes, the
equilibrium is reached.

168



International Journal of Advanced Natural Sciences and Engineering Researches

Time Vs. Concentration of paracetamol
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Figure 2: The removal of paracetamol by Commercial
powder Activated Carbon

3.3 Clay (Bentonite)

Bentonite did not give any result because the
particles were suspended in the solution. So, the
experiment was repeated by using separation with a
single-use membrane filter of 0.45 pg, but also the
particle was still suspended. After that, the
adsorption process was repeated using a vacuum
pump and filter paper to separate, but the same
problem continued. Also, the swelling process used
bentonite for 24 hr. to avoid particle suspension, but
the same problem occurred. So, bentonite is not a
suitable adsorbent to adsorb paracetamol from
water.
3.4 Zeolite

When zeolite is used to adsorb paracetamol from the
aqueous solution, the same problem with clay is
repeated because the particles are also suspended,
and different methods were used to separate the
particles. However, it is still suspended even after
centrifugal force for 10 minutes. So, zeolite is also
not a suitable adsorbent to adsorb paracetamol from
water.

3.5 Silica Gel
When used silica gel was to adsorb paracetamol for

5 hours, the results were obtained as shown in Table
3.

Table 3: Silica Gel

Number Time Concentration(ppm) | Adsorbate
(Min.)
1 0 9.854 0.582
Initial
Concentration
2 10 9.779 0.578
3 20 9.449 0.559
4 30 9.721 0.575
5 40 9.964 0.589
6 50 10.161 0.601
7 60 10.273 0.607
8 90 10.307 0.609
9 120 10.274 0.607
10 150 10.059 0.595
11 180 10.360 0.612
12 240 10.631 0.626
13 300 12.058 0.713

The amount of Silica gel was found to be dissolved
in water, so the concentration could not be measured
correctly, and the absorbance value increased. The
minimum absorption of Silica gel in water is 22%,
according to the material's properties. The
dissolving of silica gel in distilled water was proved
by adding a small amount of silica gel in distilled
water and noticing the concentration increase from
0.00 to 0.2 in two minutes.
4.0 Conclusion

This study is aimed to choose a suitable adsorbent
which can be used to adsorb paracetamol from an
aqueous solution. From this study, activated carbon
is the best adsorbent to remove paracetamol which
gives a high percentage of removal in granular and
powder shapes, 98.5% in 5 hours and 93.33% in 1
hour, respectively, because activated carbon
structure has porosity with different pore size and
the active sites is another factor in achieving the
adsorption process. So activated carbon can be
further tested for improvement by increasing the
surface area or porosity to reduce the treatment time.
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