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Abstract

Pharmaceutical compounds are a class of chemical substances that are specifically designed to treat; activated sludge is a popular wastewater
treatment process that has been used for decades to remove a variety of pollutants from municipal and industrial wastewaters.
This process involves the use of a mixture of microorganisms to break down organic matter in the wastewater, converting it into
carbon dioxide, water, and other substances that are less harmful to the environment.

Pharmaceuticals are a class of emerging contaminants that have been increasingly detected in wastewater treatment plants around the world.
These compounds, which include antibiotics, analgesics, hormones, and other drugs, are not completely removed by
conventional wastewater treatment processes, including activated sludge. Several studies have investigated the removal of
pharmaceuticals in activated sludge, and while the results are promising, the process is complex and depends on several factors. In this article,
we will discuss the various factors that affect the removal of pharmaceuticals in activated sludge and the mechanisms involved in the process.

Several factors can affect the removal of pharmaceuticals in activated sludge, including the type of pharmaceutical,
the concentration of the pharmaceutical, the Hydraulic Retention Time (HRT), the temperature, and the presence of other organic
matter in the wastewater.

Different pharmaceuticals have different chemical structures, and this can affect their removal in activated sludge. For example, compounds
with high hydrophobicity, such as Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) and some antibiotics, are often poorly removed by activated
sludge due to their low solubility in water.
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The temperature of the wastewater can also affect the removal of
pharmaceuticals in  activated sludge. Generally, higher
temperatures lead to higher removal efficiencies, as the

Introduction

The concentration of pharmaceuticals in the wastewater can also

affect their removal in activated sludge. High concentrations
of pharmaceuticals can overwhelm the microorganisms in the
activated sludge, leading to a decrease in removal -efficiency.
Therefore, it is important to maintain low concentrations of
pharmaceuticals in the wastewater to ensure optimal removal.

The Hydraulic Retention Time (HRT) is the amount of time
that wastewater spends in the activated sludge system. A longer
HRT allows more time for the microorganisms to break
down the pharmaceuticals, leading to higher removal efficiencies.
However, a longer HRT also increases the cost of the treatment
process, as more infrastructures are required to maintain the system.

microorganisms are more active at higher temperatures. However,
the optimal temperature for pharmaceutical removal in activated
sludge depends on the specific microorganisms present in the
system.

The presence of other organic matter in the wastewater can also
affect the removal of pharmaceuticals in activated sludge.
Compounds such as Fats, Oils, and Greases (FOG) can compete
with pharmaceuticals for the microorganisms attention, leading
to lower removal efficiencies.

The removal of pharmaceuticals in activated sludge involves
several mechanisms, including adsorption, biodegradation, and
transformation.
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Adsorption is the process by which pharmaceuticals are attached to

the surfaces of the activated sludge floc. This mechanism is
particularly important for hydrophobic compounds that are poorly
soluble in water. The adsorption process is reversible, and
pharmaceuticals that are adsorbed to the floc surface can be released
back into the wastewater if conditions change.

Description

Biodegradation is the process by which microorganisms
break down the pharmaceuticals into simpler compounds, such as
carbon dioxide and water. This mechanism is the most
important for removing pharmaceuticals in activated sludge, and it is
dependent on the microorganisms present in the system. Different
microorganisms have different abilities to break down different
pharmaceuticals 2/2.

Activated sludge is a biological treatment process used to treat
wastewater that contains high levels of organic matter. It involves the
use of a mixed population of microorganisms to break down organic
matter in the wastewater into carbon dioxide, water, and other
compounds. The activated sludge process is widely used in
wastewater treatment plants, and it has proven to be effective in
removing a wide range of contaminants, including pharmaceuticals.

Pharmaceuticals are compounds that are used to treat various
health conditions. They are designed to be hiologically active and can
have unintended effects on the environment when they are
discharged into wastewater. Pharmaceuticals can enter
wastewater through  various  sources, including  human
excretion, livestock farming, and hospital effluent.

The presence of pharmaceuticals in wastewater can be harmful to
the environment and human health. For example, some
pharmaceuticals have been found to disrupt the endocrine system in
fish and other aquatic organisms, leading to reproductive problems.
They can also enter the food chain through fish and other aquatic
organisms, leading to potential health risks for humans.

The removal of pharmaceuticals from wastewater is, therefore,
important for protecting the environment and human health. The
activated sludge process is an effective method for removing
pharmaceuticals from wastewater, but the removal efficiency
depends on various factors.

One of the critical factors that affect the removal of
pharmaceuticals in activated sludge is the physical and chemical
properties of the pharmaceuticals. The physical and chemical
properties of pharmaceuticals, such as solubility, stability, and
molecular weight, can influence their removal efficiency in the
activated sludge process. For example, pharmaceuticals that are
highly soluble in water and have low molecular weight are generally
more easily removed than those that are less soluble and have a
higher molecular weight.
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Another factor that affects the removal of pharmaceuticals in
activated sludge is the microbial population in the system. The
microbial population in the activated sludge process plays a crucial
role in the biodegradation of organic matter, including
pharmaceuticals. The presence of specific microorganisms that are
capable of degrading pharmaceuticals can enhance the removal
efficiency of the process.

The operating conditions of the activated sludge process also play
a crucial role in the removal of pharmaceuticals. Factors such as
hydraulic retention time, sludge age, and temperature can influence
the growth and activity of the microbial population, which in
turn affects the removal efficiency of pharmaceuticals. For
example, a longer hydraulic retention time can allow for more
contact between the wastewater and the microbial population, which
can enhance the removal of pharmaceuticals.

The activated sludge process is also affected by the presence of
other contaminants in the wastewater. The presence of other
contaminants, such as heavy metals and organic compounds, can
inhibit the activity of the microbial population, which can reduce the
removal efficiency of pharmaceuticals. Therefore, it is essential to
consider the presence of other contaminants in the wastewater when
designing and operating the activated sludge process.

Conclusion

There are various strategies that can be employed to enhance the
removal of pharmaceuticals in the activated sludge process. One of
the most effective strategies is the use of advanced treatment
processes, such as zonation and activated carbon adsorption.
Ozonation involves the use of ozone to oxidize pharmaceuticals and
other organic compounds, while activated carbon adsorption involves
the use of activated carbon to adsorb pharmaceuticals and other
contaminants.

The use of bio augmentation is another strategy that can be
employed to enhance the removal of pharmaceuticals in the activated
sludge process. Bio-augmentation involves the addition of
specific microorganisms to the activated sludge process to
enhance the biodegradation of pharmaceuticals. The added
microorganisms can be selected based on their ability to degrade
specific pharmaceuticals or other contaminants.
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