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ARTICLE INFO ABSTRACT

The use of pharmaceuticals is an integral part of global human health care and is
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y used to treat diseases affecting humans and animals. However, in recent years there
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Revised XXXX, has been growing concern that they are present in sewage and are an environmental
Accepted XxxX, pollutant. Many studies refer to the toxicity and harmful effects of medicines, even at
Available online o0 low concentrations, and it is therefore necessary to develop effective techniques for the
Keywords: removal of these pollutants. These studies indicate that biological treatment is not
Water pollution sufficient to decompose natural water and prevent contamination. Chemical processes
Pharmaceutical Contaminants such as advanced oxidation methods can disable, convert, or mineralize painkillers
Health care into simpler molecules and compounds. It is a very complex and costly technique that
Adsorption remains. For physical techniques, it is the most appropriate way to remove
Harmful effect pharmaceuticals such as adsorption, which is the most efficient way to remove organic

compounds from sewage. It is important to consider the efficiency of the removal and
classification of pharmaceuticals during sewage and drinking water treatments.
Analyzing view, methods capable of analyzing pharmaceuticals are explained with
different efficiencies than those based on advanced biological and chemical adsorption
and oxidation.

1. Introduction

Recent research has focused on the effective removal of such pollutants to reduce the threat they
pose to organisms [1]. Different forms of organic pollutants such as pharmaceuticals have been
detected in a wide range of water supply and because medicines are necessary to maintain human
and animal health their production has increased significantly in recent decades. Pharmaceutical
materials are released in large quantities into the environment mainly through water and soil and
from a variety of sources including human activities, pharmaceutical industry, and hospitals [2]
Pharmaceuticals can enter the surrounding areas from different sources such as pharmaceutical
plants, hospitals and wastewater treatment plants as shown in the Fig. 1 [3]. The main source is
discharge from wastewater treatment plants [4], in addition to pharmaceuticals that are often used as
a human drug unchanged or as active metabolites [5] where medicines are introduced, absorbed and
distributed into the body and are partially metabolized and eventually unchanged. This makes human
secretion a combination of the original compound and its metabolites, all of which enter
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Figure 1: Sources of pharmaceutical contaminants

the sanitation system [6]. Another source of
pharmaceutical contaminants is the improper
disposal of unwanted or expired medicines and
is usually disposed of in wastewater. Therefore,
wastewater treatment plants, if not effective,
can leak into surface water.[7] Many processes
can occur in the hydrological environment of
pharmaceuticals such as photo degradation,
absorption, mitigation, and transport within the

ecosystem with potential absorption of
biological species [6]. The bacteria in
wastewater can convert pharmaceuticals

into products like human metabolites.

The mixture of these compounds makes their
removal difficult from wastewater [8]. Many
pharmaceuticals have been detected that are not
completely removed during wastewater
treatment processes and when they enter the
environment are not easily degraded [9] This
means that more effective therapeutic methods
are needed to reduce the potential impacts of
these contaminants [10] and therefore this
review aims to explain the fundamentals of the
methods used to remove pharmaceuticals from
aquatic systems.

2- Pharmaceutical Contaminants

Pharmaceutical products are an essential
part of life and are used in the treatment of
many diseases affecting humans and animals.

Many studies have shown that direct and
indirect human exposure to pharmaceuticals
through water can cause negative effects. Raw
wastewater is the main  source of
pharmaceuticals found in groundwater and
drinking water [11]. In the past three decades,
drug residues have been detected in all water
sources [12] 3000 pharmaceutical substances
have been used in the European Union that
have been detected in groundwater, surface
water and drinking water. The most widely
used species are antibiotics and painkillers for
human and veterinary medicines in the world
[13] because of its low degradation canvas and
high-water love, it is difficult to dispose of
pharmaceuticals in water systems using
traditional wastewater treatment techniques
[14]. It is the most disturbing environmental
contaminant, and the type and consumption of
pharmaceuticals may vary from country to
country [15]. Its consumption has reached
approximately 12,500 tons per year. For
example, non-centroidal anti-inflammatory
drugs and analgesics such as (paracetamol,
ibuprofen aspirin, naproxen) [12].

3- Methods of removing pharmaceutical
contaminants from water and wastewater

Pharmaceuticals are consumed in different
ways such as taking them under the tongue,
injection, swallowing or absorption.
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Pharmaceuticals are chemical compounds used
to treat, prevent, or diagnose a condition or to
promote health. Initially medicines were
extracted from plants but currently they are
organically manufactured, pharmaceuticals are
taken either for a certain period of time or
regularly as in the case of chronic diseases, it is
applied to the ATC system and customized on
a basis that met it on solubility, permeability or
absorption properties and the type of class used
for it. Pharmaceuticals are known to help treat
many diseases, leading to their presence in
huge quantities of wastewater, which has
dangerous effects on the ecosystem and public
health [16]. These methods include:

3.1 Conventional Methods

Conventional methods for removing
pharmaceutical waste from wastewater include
stages of physical, chemical, and biological
processes to remove solids and organic
materials. Treatment is carried out in primary,
secondary, tertiary, or advanced stages to
obtain a high level of treatment. Disinfection is
performed to remove pathogens as a final
treatment step [11].

It has been shown that pharmaceuticals can
only be partially removed as wastewater
treatment plants are not designed for complete
removal [12], initial treatment is needed using
activated sludge systems or bioreactors with
classic membranes and yet membrane
contamination is a significant barrier to their
widespread application [17]. Pharmaceutical
compounds have volatile thresholds due to
their low vapour pressure, some of which, such
as ibuprofen and diclofenac, and carbamazine
include biodegradable and absorbing limbs
according to the [18] where diclofenac was
removed 50 % while carbamazine was
removed low and in its study[19] note the
difficulties in removing various medicines
(ibuprofen, TNA and diclofevac) with
biological, physical and chemical treatments In
addition, the study found that disposal rates
differ from dry and humid seasons and in the
same context as [20] in their study on palliative
and anti-inflammatory drugs such as naproxen
and ibuprofen). its limitations in final liquid

waste at 14 wastewater treatment plants from
municipalities in Canada. The most important
factor for drug degradation is the time of
protective retention when protectors are 10 to
15 days old. The biodegradation of
pharmaceuticals varies where protectors are
aged for the degradation of ibuprofen, aspirin
and sulfamethocazol from 2 to 5 days [21] and
diclofenac and pyromide required from 5 to 15
day for significant degradation [22] while some
are lost medications such as carbamazine and
diazepam need more than 20 days [23] and
estrogen needs 35 days to remove. From these
studies it is concluded that the traditional
wastewater treatment methods carried out have
not led to desired water quality and
pharmaceutical products have not been
completely removed through these processes
and therefore their survival is dangerous to
humans and the environment

Conventional drinking water plants are
characterized by multi-stage treatments
including  filtration,  flocculation,  and
coagulation method. None of these processes
have  shown effective removal of
pharmaceuticals [24]. Ineffective coagulation
of sintering to eliminate pharmaceutical
products [25]. Coagulation is effective for
removing seven categories of antibiotics from
tetracycline in optimal conditions with the
addition of aluminum poly chloride at a rate of
94% generally. We note from these studies that
traditional processing does not completely
remove pharmaceuticals before discharging
them into the environment, so it is necessary to
introduce advanced processing techniques [11].

3.2 Biological Methods

Biological treatment methods depend on
biological activity in the disposal of organic
pollutants and researchers have studied the
possibility of using different bacteria in the
analysis of pharmaceuticals and personal care
products [26] where bacteria possess an
important place in the biosphere through their
diverse metabolic capability, they support
essential metabolic cycles of all forms of life
on Earth [27] which can be an emerging
alternative method for removing drug residues
from the ecosystem [28] as well as a biological
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technique that uses aerobic (protectors), steroid
or granular is very effective in wastewater
treatment [29]. In the evaluation study of the
removal of pharmaceuticals such as caffeine,
antienol, azithromycin. Paracetamol,
anorfanstatin naproxen fluoxetine, dchlofenac
ibuprofen valsartan using in vitro anabolic
protectors at a concentration of 13.2 ng/L to
51.8 ng/L, The study showed that
biodegradation by adding nutrients to the
sludge of pharmaceutical contaminants by
Nitrospirae,  Actinoptria  Verricomicrobia,
Firmicutes,  Acidobacteria,  Proteobactria,
chloroflexi, Bacterioidetes and other types of
bacteria involved in the process of removing
pharmaceutical compounds at 90% or higher
efficiency [30]. According to another study, the
efficiency of a gram bacteria, identified as a B1
strain, could degrade ibuprofen and naproxen
six days later to concentrate 20 mg/L and 35
days at a concentration of 6 mg/L [31].
Biodegradation can be a possible solution to
eliminate these remnants. This process is done
by microorganisms that are likely to degrade
pharmaceutical waste into biomass, methane,
CO,, water, and various inorganic compounds.
While the enzymes of organisms play a vital
role and the removal of drugs by
biodegradation depends on the desired
composition. Simple reactors such as the sand
column and membrane bioreactors that have
been studied by many researchers can be
formed [32]. Environmental factors of
temperature, sunlight, humidity, and ultraviolet
light were also shown to affect biodegradation
[33];[34].

3.3 Electrocoagulation

It is a process in which cations are formed
by metal electrodes in an electric field
[35],[36]. It produces coagulation materials
using metal electrodes, which is many
advantages including reduced protectors,
automatic treatment and efficient and low
operating costs [36] , The removal efficiency of
the most consumed pharmaceutical products
(carbamyzatin ~ 70%,  diclofenac  90%,
amoxislin77%) [37] 0.5 mAh/cm® density,
primary concentration of 10 mg/L, Hydraulic

time is 31 hours and in another study
by[38]analysis of tetracycline oxide which is
an antibiotic, The optimal current density was
20 mAh/cm? for both Anodians, the iron and
aluminum had an efficiency of 93.2% and
87.75% respectively, The initial concentration
efficiency of oxytetracycline hydrochloride has
been studied up to 200 mg/L, It had no
significant effect in removing it, the study
found the removal of sperofloxin by
electrolysis at the density of 15 mAh/cm? and
pH of 7.5 and concentration of 60 mg/L, The
electrolyte dosage of 0.07 molar Sodium
chloride achieved complete removal within 20
minutes) [37],[39].

3.4 Advanced Oxidation

The advanced oxidation process is one of
the most effective techniques for degrading and
biodegradable hazardous organic pollutants
from aquatic environments. One example is
ultraviolet activation using hydrogen peroxide
and photostimulation using a magnetite
compound impregnated with activated carbon
[40],[41]. Researchers have repeatedly led the
analysis of pharmaceuticals effectively in
wastewater and include optical Fenton
processes generally more effective than ozone
due to the split of the carbon-halogen
association resulting from the photon and the
increased generation of free hydroxyl roots
[42]In addition to UV radiation can generate
more effective cases of pharmaceutical
removal, but the main problem associated with
oxidation processes is that toxic oxidation
products can remain in sterile water[43] studies
found that different types of oxidation
treatments and study[44] and [45] on the
removal of paracetamol (astaminophen) two
catalysts were used to get rid of the drug
(astaminophen) by electrical photocatalysis.
Nanotubes of photostimulators were shown and
photodegradation of the ingutinestine converter
enzyme was faster at pH 3 [44]. And remove
paracetamol at 9 degrees. However, the use of
photostimulation of paracetamol removed 98%
[46] In another study, advanced light-based
oxidation processes were used to treat three
pharmaceutical products (ibuprofen,
carbamyzine and ciprofloxin) from wastewater.
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The treatment showed the 80.4 removal of
carbamyzayin, an antidepressant drug after 40
minutes of treatment and 89.83% for ibuprofen
and the complete removal of ciprofloxin
[47].As for antibiotics, several studies
[48],[49],[50],[51].[52]. The role and efficiency
of photostimulation process to remove drugs
and antibiotics such as ciptofloxacin which
have Dbeen completely removed from
wastewater at 20 minutes of treatment, when
adding iron as a catalyst in wastewater
treatment plants [50]. Thus, this drug was
eliminated under UV light by combining TiO
and zinc oxide catalysts [48]. In a study [52]
referred to the removal of antibiotic drugs
amoxicillin, ampicillin and cloxacillin under
UV and zinc oxide at pH 11.

They noted that the amoxicillin had been
removed after 90 minutes of ultraviolet (365-
385 nm) treatment [53]. [52] found that the
70% elimination of amoxicillin and metradozol
after 120 min of ultraviolet treatment showed
the importance of photostimulation, especially
in removing drugs in the dark and without light
reaction, despite the high cost of this process,
many researchers adapt these methods because
of their effectiveness in removing most
pharmaceutical drugs. (antibiotics, painkillers,
non-steroid anti-inflammatory, anti-cancer and
beta blockers, disinfectants) [54]. From these
different studies we can observe the
performance of photostimulation in
pharmaceutical removal is important and the
technique of using TIO is characterized by
inexpensive, low toxicity and high light
stability [55]. In addition to the above, ozone
therapy is one way of removing medicines.
Carbamisabines have been removed at a 96%
rate by ozone. It is a powerful oxidizing agent
capable of working directly or indirectly. The
removal of medicines such as antibiotics and
neutral pharmaceuticals in wastewater has been
treated. They found that more than 90% of the
removal of all pharmaceutical products was
done during in addition, the simple use of
ozone for water treatment showed good results
[56]. They indicated that the complete removal
of the drugs (Bezavibrate) in the aqueous
solution at a concentration (0.5 mmol/l) could

be reached after 10 min of ozone treatment.
From these studies they concluded that ozone
could be an economically viable solution for
improving protective stability and thus
removing  anti-steroid drugs such as
endometasin by [57], 7 minutes after the lowest
dose of ozone.

3.4 Adsorption

Adsorption by solid adsorbers is one of the
most efficient processes for treating a wide
range of water and wastewater containing
pharmaceutical products [13].Indeed, there are
studies of carbonaceous substances used to
remove pharmaceutical pollutants that are a
financially attractive alternative to wastewater
treatment. Then different types are classified
into natural and industrial materials. Natural
accessories include coal, mud, clay minerals,
zeolites, and ores, which are low-cost and
abundant natural materials and have great
potential to modify and improve their
absorption capacity. Industrial accessories are
absorbent materials prepared from agricultural
products, household waste, industrial waste,
sanitation protection, polymeric absorbent
materials, and other metallic materials, such as
metallic materials and fertilizer waste, sugar
industry waste, algae, red clay, sediment, and
raw soil [58]. Many adsorbents are used,
including:

3.4.1 Activated Carbon

Activated Carbon is one of the most
common adsorbent materials used in many
industries to remove or restore organic
compounds from invasive or liquid currents
and has high absorption capacity due to its high
surface area and carbonate-forming toxicity
due to the presence of stimulant agents and
carbonate conditions on the development of
porous structures [59] There has been
increasing interest in the production of
activated carbon from agricultural by products
which has been used as an advantage in several
studies. The study of the removal of naproxen
by activated carbon from apricot waste as an
absorbent substance using adsorption process
was removed at a temperature of 50 [60]In
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addition, green synthesis of silver-reduced
caraphene has been used to perform well to
remove 92% naproxen for absorbents 20 mg
and pH 2 and temperature 25[61] while green
synthesis of nanoparticles as absorbents
indicated the removal of 86% after 60 minutes
[62] Also activated carbon was used to remove
ibuprofen [63]. The absorbent substance was
supplied, and the medicines removed using
olive residues as a stimulating Carbone to
remove dichlofenac medicines and more
effective absorption was achieved at pH 4.5
[62] as for antibiotic drugs, the study indicated
that the Amoxylene was completely removed
from hospital wastewater and aqueous
solutions using magnetic adsorption of carbon
produced from the olive nucleus[64] . At
maximum concentration of absorbent 0.5
mg/L and contact time 90 minutes and pH of 6
[64] . In a study, an active carbon transposed
from pomegranate shells activated by KOH
was used to remove spruoxacin from the
aqueous system[65]. Experimental results
revealed a score of pH 8, which accelerated the
electrostatic attraction between sproxacin and
activated charcoal and suggested that the
optimum dose (0.5%) was achieved.

3.4.2 Clay

Clay is an inexpensive and widely
available substance for pharmaceutical removal
[66]. Where a lot of species and clay materials
such as (elite, renolite, stapulite, caultite,
fermiculite mentomorelotite) are already used
to remove a group of micro-organic pollutants.
Mentomorelotite is the most promising
adsorbent for further studies using a clay-based
absorbent substance to remove pharmaceutical
compounds . In a study to remove ibuprofen,
dichlofenac, cotophene and carbamyzine,
fermcholite showed the best absorbent
substance for these medicines for modified clay
substances[67]. Moreover, adsorption of
metaphic acid using two different mud
substances showed that both adsorbents were
able to remove drugs from the water medium
while vermiculite provided a high absorption
capacity of about 70%. A study was conducted
on the adsorption of cyprusoxacin on a
compound derived from medical waste fortified

with bentonite clay. The results showed an
increase in removal efficiency of 40% from
non-supported clay due to the entry of
cyprooxacin molecules into the clay layer in
the active pores present due to hydrostatic
pressure The removal efficiency with clay
increased at pH 6 [68].

5-4-3 Biochar

Biochar has been used as an absorbent
substance for pharmaceutical compounds and
has proved [13] that there are many factors that
may affect pharmaceutical adsorption to
biochar including pH and heat, raw material
and preparation conditions and the presence of
ions and pharmaceutical structures where
biochar-dependent substances have been used
by [69] to remove antibiotics such as
(sulfanamides) and tetracycline in aquatic
environments. Biochar has been shown to be a
successful absorbent substance and can thus
have excellent potential as an absorbent
substance due to its ability to bloat in water
leaving more space for adsorbed substances
[70], so adsorption of pharmaceuticals with
biochar often leads to high efficiencies and
removal capability without generating toxic
products.

3.5 Bionanotechnology

Recent progress in nanomaterials and
nanotechnology has provided amazing results
for the development of new strategies for the
effective  degradation of pharmaceutical
contaminants with excellent physical and
chemical propertie[71] . Nanotechnology is the
new wave of innovation for the coming
decades, and related technologies are being
used to reduce pollution of groundwater,
wastewater, and drinking water.
Nanotechnology has great potential to prevent,
treat, and clean pollution effectively, and
nanomaterials play a fundamental role in recent
research efforts to develop Effective treatment
techniques: Pharmaceutical contaminants can
be treated using nanosystem techniques such as
adsorption of nanomaterials, photolysis,
nanofiltration, etc  [72].Currently, other
nanomaterials are used such as nanosorbents,
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nanocatalysts,  nanomembranes, = magnetic
nanoparticles, beads, films, and molecular
polymers. To remove toxic metals, microbes,
and dissolved organic and inorganic materials
from wastewater and drinking water [73].
Among the nanomaterials that are used are
silver and titanium dioxide to disinfect and
remove contamination with organic
compounds, and the use of iron nanoparticles
to treat wastewater. Likewise, a nanofiltration
membrane can be used to reduce Hardness,
color, odor, and heavy metals [74] Nano
technologies have great potential to make
industrial wastewater more efficient, and they
can be used for their unique properties,
including efficiency, effectiveness, and being
environmentally friendly as a promising
alternative to  water treatment. These
technologies include:

3.5.1 Nanofiltration

Nanofiltration has been discovered and
widely used to remove pharmaceutical
contaminants in wastewater, because it is
highly efficient, easy to operate, and provides
good retention of ionic salts. The choice of
these membranes depends largely on the nature
and size of the contaminants, and
nanomaterials are incorporated into these
membranes to enhance flow and mitigate
membrane contamination as a sustainable
approach [75],[71].

3.5.2 Carbon nanotubes

Carbon nanotubes have unique physical,
chemical, mechanical and electrolytic structure
properties and have high adsorption capacity to
remove pharmaceutical pollutants  from
wastewater. Studies have shown the removal of
pefloxacin,  sulfamethasone,  amoxicillin,
thorfloxacin, and tetracycline. Adsorption
models of activated carbon and carbon
nanotubes are considered highly effective in
removing pharmaceutical contaminants [76].

4. Membrane bioreactor

The MBR membrane bioreactor has
become important in the field of sewage
treatment because it is a process that has a

higher efficiency than biodegradation, occupies
less space and produces a small amount of
sludge [77]. The MBR method is considered a
combination of the membrane microfiltration
process and ultrafiltration in treatment
biological wastewater using activated sludge.
In recent years, MBR has been widely used to
treat municipal, industrial, and pharmaceutical
wastewate [78],[79]. It was used to treat
pharmaceutical wastewater using MBR with a
size of 20 m3 for a period of 140 days, and a
COD removal of 96% was achieved. The BOD
was 99% and the concentration of various
liqguid suspended solids in the tank was
maintained. In turn [80], demonstrated the
effectiveness of the MBR system in removing
pharmaceutical ~ waste  particles  from
wastewater with a stable and satisfactory
operating system [81], where he conducted an
experiment on the ultrafiltration bioreactor and
showed an efficiency of 82% for
hydroxybupropione, and 98 % for ibuprofen,
95% for metformin, and 92% for valsartan,
respectively. This indicates the effectiveness of
the MBR  technology in  removing
pharmaceutical contaminants from wastewater.

In addition to the above, recent studies
indicate the feasibility of using MBR on a large
scale in treating and removing pharmaceutical
contaminants, showing promising results, as a
study [82] was found in which eight
pharmaceutical ~ preparations and  two
polycyclic perfumes were separated using
MBR, and a comprehensive comparison was
conducted. = With  wastewater  treatment
technology, the MBR method is the best
compared to traditional systems and has shown
a better retention time of solids within the
reactors. In a study [83], MBR was used to
remove acetaminophen, caffeine, metformin, 2-
hydroxyibuprofen, paraxanthin, ibuprofen,
naproxen,  clarthyrombin,  atenol, and
carbamazine from different water streams from
a wastewater plant.

5. Advantages and disadvantages of
pharmaceutical removing methods.

The removal of  pharmaceutical
substances from wastewater depends on
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different treatment processes leading to
different efficiencies, as sewage treatment
plants are not designed to remove
pharmaceutical substances form a complete
[12]. When comparing processing methods, we
find that adsorption due to its simple design
can involve a low investment in cost and space
required [84] The adsorption process is
characterized by a processing process with
applicability to low concentrations of absorbed
material and its suitability for continuous
treatment and the ability to reuse and
regenerate absorbent material. Adsorption is a
low-energy operation that can be very effective
leading to a removal rate of up to 90%. Large
quantities of wastewater can be treated with
photostimulation (which needs electrodes and
cells), The  greatest  advantage  of
photostimulation is that it uses TiO

semiconductor material, which is non-
hazardous, environmentally friendly and
inexpensive [85] . However, this process has
many defects, including the need for an acidic
medium or pH. (0_3) resulting in the
production of a large amount of protectors,
While the advanced oxidation process leads to
a high degradation of pharmaceuticals but is
difficult to apply widely in wastewater plants
due to oxidized by-products and high operating
cost, A common problem between advanced
oxidation removal processes and methods is
their high cost due to the increased demand for
electric power and as in the figure (2), which
illustrates the advantages and disadvantages of
different processing methods.

Cost effective
Flexible and simple

Low cost
Economically attractive

Simple
Easy to operate
Low-cost

o Low-cost
d High performance
——Easy operation

Conventional treatment

i Biological removal e

Electro-coagulation |-

Adsorption |~

Sludge retention time
Recycling
Insignificant removal

Require management
Not performance
Slow process

/ Electrodes are impermanent
High chemical consumption
Use of electricity

Weak selectivity
Waste product

- Eco-friendly
Non-hazardous

Advanced oxidation
process

| oxidative byproducts
/ High cost

Figure 2 Advantages and disadvantages of pharmaceutical processing methods.

Table 1 showing pharmaceutical contaminants and removal methods.

Process Pharmaceutical contaminants Requirements of process Ref.
Conventional diclofenac carbamazine physical, chemical, and biological [18]; [19]
Methods ibuprofen processes to remove solids and [207; [21]

naproxen organic materials [22]; [23]
aspirin sulfamethocazol [24]
Biological treatment caffeine, antienol, azithromycin. depend on biological activity [30]
Paracetamol, anorfanstatin [31]
naproxen fluoxetine, dchlofenac
ibuprofen valsartan
Electrocoagulation carbamyzatin , diclofenac, Itis a process in which cations are [371; [38]
amoxislin formed by metal electrodes in an [39]
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oxytetracycline hydrochloride,

sperofloxin
paracetamol
ibuprofen, carbamyzine,
ciprofloxin
antibiotics
amoxicillin, ampicillin,
cloxacillin
metradozol

The advanced
oxidation process

. (antibiotics, painkillers, non-
steroid anti-inflammatory, anti-

cancer and beta blockers,
disinfectants)
Carbamisabines,
(Bezavibrate),
Endometasin,
Naproxen,
Ibuprofen
Dichlofenac the Amoxylene
spruoxacin
cotophene carbamyzine
cyprusoxacin
sulfanamides tetracycline

Adsorption

Bionanotechnology
amoxicillin, thorfloxacin
tetracycline

Membrane bioreactor
metformin, valsartan
acetaminophen, caffeine,

metformin, 2-hydroxyibuprofen,
paraxanthin, ibuprofen, naproxen,

clarthyrombin, atenol, and
carbamazine

of pefloxacin, sulfamethasone,

hydroxybupropione, ibuprofen,

electric field. It produces coagulation
materials using metal electrodes

one of the most effective techniques [44]; [45]
for decomposing and removing [46]; [47]
dangerous and biologically resistant [48]; [49]
organic pollutants from aquatic [507; [51]
environments. Examples are [52]; [53]
activation with ultraviolet radiation [54]; [55]
using hydrogen peroxide and [56]; [57]
photocatalysis using a magnetite
compound impregnated with
activated carbon.
ozone therapy
Activated Carbon [60]; [61]
Clay [62]; [63]
Biochar [64]; [65]
[67]; [68]
[69]; [70]
nanosorbents, nanocatalysts, [76]
nanomembranes, magnetic
nanoparticles, beads, films,
molecular polymers
combination of the membrane [81]
microfiltration process and [82]
ultrafiltration [83]

6. Conclusion

We conclude from this review that the
presence of pharmaceuticals significantly in the
wastewater of homes, hospitals and
pharmaceutical industries has resulted in
significant pollution in the water sources
available to us. This has raised concern for
human health and the environment and has
been suggested many ways to reduce the
presence of medicines in water. Saving the
environment and living organisms from it and
maintaining natural balance. Many ways of
removing pharmaceuticals from contaminated
wastewater have been introduced and
discussed, such as traditional methods of
biodegradation, coagulation, 0zone,
photostimulation and how to treat each of
them. Many methods have been considered,
such as adsorption and advanced oxidation.

Advanced oxidation is an excellent method of
removing pharmaceutical products such as
antibiotics, non-steroid anti-inflammatory and
painkillers even when micro-concentrations as
well as the advantages and disadvantages of
each technique to reduce the toxicity of certain
byproducts of treatment methods, through this
review we find that, based on many studies,
one technique cannot be relied upon to treat
water contaminated with medicines.

In addition, we conclude from this review that
the adsorption process is one of the most
efficient methods for removing pharmaceutical
preparations, as it relies on environmentally
friendly and inexpensive materials and
compounds that do not contain toxic by-
products.
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