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Abstract: Due to various industrial developments and artificial inputs, there are emerging
environmental contaminats(ECs) of serious concern in a wide range of environmental media. With
recent advancements in scientific knowledge and industrial technology, the definition of emerging
environmental contaminats has expanded. Among them, emerging contaminants are typically
present in trace amounts and pose serious ecological risks and potential hazards to human health,
animals and plants, with cumulative effects on organisms. However, Traditional treatment
techniques have proven ineffective in eliminating and preventing subsequent environmental
problems from new pollutants such as microplastics, antibiotics and fluorocarbons. Consequently,
extensive research has been conducted to address these issues. Effective removal methods prioritize
not only removal efficiency, but also environmental friendliness and regenerative capacity. The
purpose of this paper is to summarize the sources, forms of presence, environmental and human
health hazards, and removal technologies of ECs, and to provide various examples of different
sources.

Keywords: emerging contaminants; removal technologies; risk assessment; environmental
pollution

1. Introduction

In the past hundred years, the world has experienced great development. The rapid
development of industry, agriculture and urbanization has brought economic benefits and
aggravated environmental problems [1]. For example, toxic solid waste, incomplete sewage
Treatment, the use of non-biodegradable materials, harmful greenhouse gases, etc. In the past,
common pollutants included heavy metals, organochlorine pesticides, sulfur dioxide, PM2.5 and so
on. Then, there are many kinds of pollutants without relevant laws and regulations, called emerging
contaminants. Many classes of drugs are essential to today's society, such as antibiotics, endocrine
disruptor, fluorocarbon and others.

A typical example is antibiotics, which have led to the antibiotic revolution since the discovery
of penicillin by Alexander Fleming in 1929, as well as the subsequent development of purification of
penicillin by Howard Florey and the Bavarian chain company Ernest of Bavaria chain during World
War II [2]. Antibiotics exist in rivers, lakes, and oceans around the world, causing problems such as
resistance genes and endocrine disorders. However, for China or some developing countries, these
pollutants are not classified as pollutants. Like antibiotics, perfluorooctane sulfonate (PFOS) has been
detected in estuarine sediments and water worldwide and has also been reported in mammalian
tissues and human serum, and is widely recognized for its persistence in the environment [3].

In addition, some endocrine disruptors are the main factors causing pollution today. In 1995,
endocrine disruptors (EDs) became a scientific concept and it was discovered that these pollutants
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can cause harm to the biological reproductive system and hormone function [4]. Artificial sweeteners
(ASs) are widely used as sugar substitutes in human diet and animal feed due to their high intensity
of sweetness. The use of Cycin all foods was banned by the US Food and Drug Administration (FDA)
in 1970, because of its potential carcinogenic effect on experimental animals. However, in Asia, for
example, China is the main user of artificial sweeteners [5]. Although AS has been found in various
environmental media around the world due to its extensive and sustained consumption, its ecological
toxicity has not received much attention [6]. Under the attention of scholars from around the world,
the toxicity of some new pollutants can be estimated using formulas. However, in nature, research
on mixed toxicity is not clear, including systematic detection of ECs and control measures. This
phenomenon is more pronounced in developing countries.

In recent years, the study of ECs has covered various aspects, and scholars' opinions constitute
a valuable source of information. As can be seen in Figure 1, research related to new pollutant/new
pollutant removal has been steadily increasing over the past decade. However, because of the wide
coverage, multiple sources and complex pollution mechanism of ECs, the control and investigation
of ECs require cooperation from various departments to reduce potential and direct risks to humans
and ecology. Given the above situation, the aim of this study is to compile an inventory of emerging
pollutants and to study their toxicity and removal processes, etc.
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Figure 1. Evolution of the number of ECs and new pollutant removal publications between 2012 and
2022.

2. Sources and Routes of Emerging Pollutants

Emerging contaminants are known to be toxic, resistant to degradation, prone to
bioaccumulation, and often capable of crossing international borders via air, water, and migratory
species. They can deposit in regions far from their emission sites, subsequently accumulating in
terrestrial and aquatic ecosystems. Industries such as pharmaceuticals, printing, electroplating,
beauty products, chemical manufacturing, antibiotics, and cleaning agents contribute to the release
of these pollutants into water, soil, and air. Similar to traditional sources of pollution, they pose
significant threats to the environment. The toxicity and physicochemical properties of these materials,
regardless of their form or source, play crucial roles in determining how they interact within the
biosphere and influence natural transformation processes.
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Figure 2. Sources of emerging pollutants [7].
3. Known and New Emerging Contaminants

3.1. Polyfluorinated Compounds

Polyfluorinated Compounds (PFCs) are a new type of persistent organic pollutants. Each
hydrogen atom in the carbon chain of a compound molecule is replaced by a fluorine atom. The
general formula is F (CF2) N-R, where R is the hydrophilic functional group. PFCs have excellent
physical and chemical properties and are widely used in industrial production and daily life. PECs
have been detected in the atmosphere, water, soil, sediment, organisms and even polar ice fields.
Most PFAS are extremely durable because they do not hydrolyze, photodegrade, or biodegrade
under various environmental conditions [8]. It is clear that the probability of finding Pfas in water
bodies is quite high due to large discharges into rivers, lakes, groundwater, and other aquatic
environments. In addition to the aquatic environment, PFAS is commonly found in other
environmental media, including suspended particulate matter (SPM), sediment and so on [9]. PFCs
are highly bioaccumulative and potentially toxic to reproduction. The accumulation of PCFCS in the
environment also threatens the microbial community. The effect of long chain PFCs on soil bacterial
community composition was greater than that of short chain PFCs. The results showed that PFCS
pollution also greatly affected the survival of several major bacterial genera in aquatic ecosystems
[10]. The solubility of PFCs in water plays an important role in its toxicity. In fact, slow dissolution
processes may lead to slow accumulation and metabolism, as well as an increase in the half-life of
PEC. In this regard, it must be emphasized that, in addition to the high absorptivity of PFCs in
organics dispersed in water and aquatic species, the ubiquity and persistence of PFCs in water, for
example, perfluorooctanoic acid (PFOA) and PFOS are about 40 and 90 years old, respectively,
making these molecules difficult to eradicate. In aquatic organisms, half-lives can depend on the type
of metabolism and are more sensitive to the type of functional group [11].

Table 1. Types and structural Fluorocarbon.

Type Name Abbreviation Chemical structure

Perfluorobutanoic acid PFBA ]

PFCA

Perfluoropentanoic acid PFPeA
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3.2. Antibiotic

The development of modern antibiotics can be traced back to 1929, when Fleming discovered
penicillin, and 1935, when chemists discovered sulfonamide (SAs), the first broad-spectrum antibiotic
in the clinic. In 1946, penicillin began to be produced on an industrial scale and commercialized on
the open market. Since then, hundreds of antibiotics have been developed to fight infections, ushering
in a new era of medicine called the antibiotic era [2]. Many antibiotics exist in water as amphoteric
ions owing to their different Pxa values, which affect the mechanisms by which antibiotics are
adsorbed, thus altering their distribution in the environment. For example, tetracycline has three
different Pkavalues and is readily adsorbed on different solid particles and sediments. Compared
with other types of antibiotics, SAs has fewer functional groups, weaker interactions with soil and
sediment, and lower biodegradability; therefore, they are generally detected more frequently in water
[12]. What’s more, the solubility of antibiotics in water is also an important factor. For sulfonamide,
the solubility of sulfadimidine in water is significantly higher than that of Sulfamethoxazole (1500
and 610 mg/L, respectively). In contrast, fluoroquinolones and Macrolide are less soluble in water
and can’t be permanently present in surface water. At all events, these antibiotics can be strongly
adsorbed on sediment particles, which means that sediment eventually becomes a sink for antibiotics.
For example, this is observed in mangrove forests in Takahashi, China [13].

Many literatures have emphasized the influence of temperature on antibiotics, but in the natural
environment, a variety of factors can affect the presence of antibiotics, even unstable (3-lactam
antibiotics, the longest half-life under natural conditions can also reach 27 days. The breakdown of
antibiotics is highly dependent on pH, temperature, and the presence of hydrolysis-sensitive
functional groups in the antibiotic structure [14]. pH affects the adsorption and desorption of
antibiotics mainly by affecting the existing form of ions. Norfloxacin, for example, may repel Ca? and
Mg? ions in water. Cause it to be detected in large quantities in the water body. In natural water
samples, tetracycline and oxytetracycline inhibited photodegradation at pH 7.3, but the presence of
Ca? and MG?* made tetracycline and oxytetracycline form metal ion complexes. The kinetics of
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antibiotics in water are related to their own adsorptive solubility, and the degradation rate is largely
dependent on the contribution of possible hydroxyl radicals and other unidentified reactive
substances [15]. Complex adsorption mechanisms, including hydrogen bonding and ion exchange,
also contribute to antibiotic migration [16]. However, the specific mechanisms and reasons of
degradation or adsorption of different antibiotics need to be further studied.

3.3. Microplastics

Plastics less than 5 mm in diameter are called microplastics (MPs). Microplastics can be
produced by the breakdown of personal care products and large plastics. At the same time, due to
poor management, plastic waste through photolysis, loss, microbial decomposition and other forms
of secondary micro-plastics [17]. Plastic fragments smaller than 100 nanometers are known as
nanopolyplastics, and they can be easily removed by any water purification process due to the
relatively large specific surface area of MPs, easily adsorbed in a variety of environmental media, and
migration in the environment [18]. Physical separation through wastewater treatment plants remains
the primary mechanism for polyethylene removal. Unfortunately, sludge from physical separation is
often recycled for landfill or agricultural applications, leading to the re-introduction of MPs into
water systems [19]. According to Sharma, nanoplastics are more harmful than microplastics. The
aquatic environment may be subject to more complex contamination due to the possible adsorption
of heavy metals or organic pollutants on the surfaces of microplastics and nanomaterials. More
seriously, nanoplastic particles are small in size and can act as adherents to microbial surfaces, or
enter microorganisms, affecting local microbial communities or generating cascading toxicity [20].
Due to the lack of efficient MPs removal techniques in Sewage Treatment, many MPs can still enter
the water environment via Sewage Treatment. In addition, the MP removed from wastewater
treatment is mainly retained in bottom sludge, which is mostly directly buried or further processed
as farmland fertilizer. These MPs can still be returned to natural waters through soil erosion or surface
runoff.
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Figure 3. Microplastics production way, explain the process and management [18].

3.5. Nonylphenol

Nonylphenol (NP) is a broad class of isomeric compounds, each of which consists of a nine-
carbon alkyl chain attached to the phenol ring, chemical formula CisH250. The main derivative of NP
is nonylphenol ethoxylates (NPE). Nonylphenol ethoxylates (NPE) are organic compounds
consisting of phenol with a 9-carbon tail. The general formula is: Cish2:0 + (OCH2CH?2) Noh, where n
may range from 1 to 100, but most NPE contains 6 to 12 ethoxyl groups.NP is considered to be a
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potential endocrine disrupting chemical that affects humans and the environment. Nonylphenol was
first manufactured and produced in 1940. So far, the production and application of NP continue. The
United States produces approximately 154.200 tons of NP annually, compared with 73.500 tons in
Europe, 16.500 tons in Japan and 16.000 tons in China. According to the present research, China is a
big country of nonylphenol production [21]. In the environment, the most common form is branched-
chain 4-nonylphenol. As an important step in the production of nonionic Surfactant, nonylphenol is
widely found in water. However, water samples tend to underestimate the amount of hydrophobic
organic matter transported to sediments by particles. In addition, one-time or infrequent surface
water sampling does not explain the temporal variation in potential toxic concentrations [22]. In
Japan, nonylphenol is specified as a parameter of environmental quality standards for water
pollution. As a result, many countries restrict the use of these substances [23].
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Figure 4. Distribution of nonylphenol in water environment of China and other countries. NP:
nonylphenol. (S1: Yangtze River (Nanjing Section), S2: Yangtze River, S3: Yellow River, S4: Liao
River-River, S5: Liao River-Reservoir, S6: Pearl River—River, S7: Pearl River-Reservoir, S8: Haihe-
River, S9: Haihe-Reservoir, S10: Daliao River Estuary-Seawater, S11: Daliao River Estuary-
Freshwater, S12: Sishili Bay and Taozi Bay-Seawater, S13: Sishili Bay and Taozi Bay-Freshwater, S14:
Taihu Lake, S15: Chaohu Lake, S16: Japan, S17: Singapore, S18: Italy, S19: Canada, S20: Nigeria, S21:
Spain, 522: Greece, S23: Korea, 524: France) [23].

4. Effects of Chemical Structure on the Toxicity of ECs

The chemical structure of a chemical substance determines its molecular properties and chemical
reaction properties, which in turn affects its toxicity and toxic effects on humans, animals, and the
environment. In particular, the factors that affect the toxic properties of toxins include the following
[24]: 1. The functional groups and types of chemical bonds; 2. The spatial structure of the chemical
substance; 3. The water-solubility and fat-solubility of the chemical substance; 4. The Chemical
substances with electrical properties, such as strong acids and bases, are prone to stimulation, while
strong oxidants can cause oxidative stress reactions.
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4.1. Ecological and Environmental Risks

The toxic substances that are excreted and left in the water body will become one of the main
sources of antibiotics in the aquatic ecosystem. Researches have shown that the presence of chemical
compounds in the water on a variety of fungi and aquatic animals and plants have varying degrees
of impact, such as algae, fish, nitrifying bacteria, etc. In general, PNEC values for different classes of
antibiotics can be calculated using ECOSAR models or literature values to derive the extent to which
antibiotics affect aquatic organisms.

RO — MEC
Q= PNEC

Where MEC is the measured environmental concentration and PNEC is the predicted unaffected
concentration, PENC can be expressed as follows:

@™

PNEC = ECsy0rLCsy/1000 @)

This was determined using the ECOSAR model (United States Environmental Protection
Agency, 2011), which is widely used by researchers to assess the toxicity of organic compounds to
aquatic organisms. General risk can be classified into three levels: high risk (RQ > 1), moderate risk
(0.1 <RQ <1), and low risk (0.01 <RQ < 0.1) [25].

Enrofloxacin and Ciprofloxacin have been found to pose a high risk to associated aquatic
organisms in Laizhou Bay [26]. In fact, individual models can not predict actual harm, because
compounds coexist in water and certain antibiotic combinations exhibit strong synergies. Liu et al
found that the coexistence of erythromycin, Ciprofloxacin and Sulfamethoxazole significantly
reduced the growth rate, chlorophyll content and photosynthetic rate of the freshwater algae
Selenastrum capricornutum [27]. According to one recent study, sildenafil (RQ = 3048) , lovastatin
(RQ=2320), and trimethoprim (RQ = 74) in hospital wastewater pose high risks to animals and plants
in the water body; However, the high risk of some compounds was attributed to high concentrations,
notably the highly ecotoxic drug (PNEC) [28]. In general, algae are the most sensitive species to
antibiotics in water due to their high PNEC.

4.2. Hazards to Human Health

For certain ECs, the adjusted concentration can be calculated based on the Toxicity Equivalence
Factor (TEF), and the lifetime lung cancer risk can be calculated using the WHO method.

The calculation of non carcinogenic risk is as follows, divided into inhalation (2), non dietary
intake (3), and skin contact (4). Commonly used carcinogenic risks include polycyclic aromatic
hydrocarbons, pesticides, endocrine disruptors, etc.

3[BW
CDIInhalation X ( W) X IRInhalation X EF X ED (3)

BW x AF X PEF

CDIpermar X (Unsupported %) X SA x AF x ABS x EF x ED @
BW x AT x 108
3|BW
CDIipgestion X (Unsupported /W) X IRgestion X EF X ED ()
BW x AT x 10¢

5. Interaction of New Pollutants and Reactions with Metals

For antibiotics, the complexation with metal is affected by many factors, and the result of
coordination is different. The main influencing factors include pH value, temperature, natural
organic matter, salinity, properties of microplastics and coordination metal ions, etc. Different types
of B-lactamases can render new-generation {3-lactam antibiotics ineffective, among which metallo-f3-
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lactamases (MBLs) are one of the main causes of widespread antibacterial resistance to carbapenem
antibiotics. These metallohydrolases require at least one metal ion in the active site coordinated with
the nucleophile required for hydrolysis [29]. Macrolide antibiotics usually act as monodentate ligands
and bind to metal ions through the hydroxyl groups on the small rings, while most of the other
antibiotics are multidentate ligands [30]. Tetracycline has many metal-binding sites, and its
pharmacology mainly depends on metal coordination. Berton found that the proportion of antibiotics
that do not bind to proteins in plasma occurs almost exclusively in the form of calcium and
magnesium complexes. However, in the cells, the drugs are mainly coordinated with magnesium (II)
ions, and calcium ions affect the absorption and bioavailability of tetracycline [31,32].

Microplastics, as an emerging environmental pollutant, may play a mediating role between
polycyclic hydrocarbons and antibiotics under multiple adsorption interactions. The surface of
microplastics can adsorb polycyclic aromatic hydrocarbons and antibiotics, promoting their physical
and chemical interactions. This medium may alter the distribution, transportation, and bioavailability
of these substances, thereby affecting the ecosystem in the environment. Tong found that in the
presence of Cu, there was a significant change in the adsorption of tetracycline and ciprofloxacin on
microplastics, due to Cu induced strong complexation between tetracycline and ciprofloxacin [33].
Zhang used ultraviolet light to simulate solar aging of microplastics, and found that the aging
behavior could significantly enhance the adsorption capacity of microplastics to levofloxacin
hydrochloride. And when the concentration of heavy metals in the environment is higher than that
of antibiotics, heavy metals act as cation bridges and can form levofloxacin chromium complexes
with levofloxacin, thereby promoting the adsorption process [34,35] .Some studies have shown that
there is a significant positive correlation between microplastics and resistance genes. Microplastics
significantly increased the transfer frequency of bacterial binding by 1.4-1.7 times, indicating that
microplastics can exacerbate the spread of Arg in the environment [36]. However, due to the complex
natural environment, the interaction between new pollutants needs further study.

6. Removal Methods

With the increasing maturity of technological means, there are various technologies for the
treatment of new pollutants, such as metal-organic frameworks and biochar adsorption of organics.
The following chapters summarize and study the removal means of pollutants.

6.1. Membrane Filtration Technology

A typical case provides comprehensive data on the occurrence of 19 antibiotics, 10 antibiotic-
resistant bacteria and 15 ARGs in the initial influent and different treatment stages of conventional
activated sludge (CAS) and membrane Bioreactor (MBR) systems. Compared with CAS, MBR shows
more excellent removal ability. Among them, Amoxicillin, Ciprofloxacin, Chloramphenicol,
Meropenem, Minocycline, Azithromycin, Oxytetracycline, Sulfadimidine and Vancomycin had the
highest removal rates under CAS or MBR systems, the median removal efficiency (RE) was 70%. No
Arb was detected in MF PERMEATE OF MBR system [37]. Compared with conventional membrane
treatment technology, electrochemical membrane filtration(EMF), a combination of electrochemical
advanced oxidation process and low pressure membrane filtration technology, has been proved to
be effective in the degradation of organic pollutants in wastewater, especially those stubborn organic
and micro-pollutants. Electrochemical membrane filtration technology can effectively remove
pollutants in wastewater. The conventional membrane can only cut off the flow, while the
electrochemical membrane can produce free radicals to degrade the pollutants and mineralize the
pollutants into small molecules. For example, the good conductivity of carbon nanotubes is
convenient for membrane filtration and electrochemical technology combined carbon nanotubes
hollow fiber membrane [38]. Compared with membrane filtration alone, the permeation flux of
electrochemically assisted CNTs/AL:03 membrane filtration was increased by 1.6 times, and the
removal efficiency of NOM was increased by 3.0 times [38].
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Table 3. Removal of new contaminants by membrane treatment.
Influent . Removal Current
Types of pollutants Membrane concentration(y g/L)Tlme(h) efficiency (%) density(mA/cm?) Reference
Tetracycline 30 98.0 2.0
Sulfamethoxazole CeO2¢CNT-NaClo ) 30 99.0 2.0 391
Sulfamethoxazole 91.3
Ciprofloxacin CeO2@CNT - 240 944 05 [40]
Tetracycline 99.3
carbamazepine 89.4
Electrochemical
Sulf.amethoxa‘zole membrane aeration 50 2160 401 2.0 [41]
Trimethoprim o 32.8
biofilm reactor
. Titanium dioxide ceramic
Benzotriazole 14200 30 98.1 20 [30]
membrane
Tetrabromobisphenol A -4°P¢d Tliﬁsemoamve 35 90 99.7 7.8 [42]
Bisphenol A Coal-based carbon film 50 0.88 97 2 [43]

6.2. Constructed Wetland

Constructed wetland (CW) is a kind of green treatment technology, which has been used to treat
all kinds of metal and organic pollutants in wastewater. This technology does not require other
energy sources, low operating costs. It has been used in landfill leachate treatment, hospital
wastewater, municipal wastewater and so on. Hanwell et al., for example, studied the effect of active
aeration on the removal of selected drugs in a simulated wetland. It is found that continuous aeration
can remove about 99%of the two -meta duality and Sagastan, and at the same time, high -
concentration drugs were detected in the hospital site. Atenolol and peso Lor were effectively
removed (75% and 50%, respectively) [44]. Sabri uses the CW to Sewage Treatment wastewater and
has found significant treatment with antibiotics, with an overall removal rate of 28% to 100% ,
depending on the type of antibiotic [45]. The CW is a multi -functional tool that can be used to
improve water quality, hydrological buffer, reservoir and natural development/leisure areas. By
simulating natural wetland systems, such as wetland plants, soil and soil microorganisms,
continuous water treatment can remove various pollutants from different wastewater sources.
Initially, continuous water was mainly used for secondary and third -level treatment of living/urban
sewage, but after a large number of research, continuous water has been able to deal with various
pollutants, and the treatment efficiency depends on the base material layer. Consider different targets
(such as hydraulic penetration, types of pollutants, and treatment requirements), and different
materials with different diameters of different diameters are used as continuous water substrates.
Biological processes (biodegradation, plant absorption, etc.) and physical chemistry processes
(adsorption, oxidation, chemical degradation, optical degradation, volatilization and hydrolysis, etc.)
also affect the removal of water coal plasma pollutants [46].
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Figure 5. Constructed wetlands remove pollutants [47].

6.3. Biochar Adsorption

Biochar is a kind of material with multi-layer and fibrous porous structure, which is usually
pyrolyzed under oxygen-limited conditions. According to the temperature range, three main
pyrolysis processes were defined, namely, fast pyrolysis (temperature > 500°C), moderate pyrolysis
(temperature 300-500°C) and slow pyrolysis (temperature < 300°C) [48]. In the process of adsorption,
physical and chemical adsorption will occur, but the main adsorption mechanism may be different
when different pollutants are adsorbed. There is usually a significant electron donor-receptor (EDA)
contact between the aromatic ring of the m donor and the m protonated adsorbent on the surface of
the modified biochar. In addition, electrostatic interactions, hydrogen bonding, surface complexation,
cation exchange and non-specific Johannes Diderik van der Waals interactions may all occur in the
adsorption process [49]. For example, a coke made from olive oil waste from the biochar-thermal
carbonization process, which removes triclosan, ibuprofen, and diclofenac from wastewater. As with
activated carbon, adsorption efficiency depends on the physical and chemical properties of
pollutants, PKa of adsorbent, temperature, etc. Under the influence of oxygen-containing functional
groups and solution PH, the removal efficiency of triclosan can reach 98% [50]. Due to the limitation
of the application of original biochar in environmental remediation, more and more researches begin
to produce biochar-based composites. Such as liquid precipitation method, nano-composite
materials, magnetic field and so on. However, magnetic biochar composites are commonly used to
adsorb metals [51]. In addition, biochar made from animal manure, chicken bones, bamboo and other
raw materials is also popular because of its environmental characteristics [52]. The pyrolytic calcium-
rich biochar made from crab shell shows great advantages in the removal of chlortetracycline. At low
concentration, the adsorption was dominant, but at high concentration, the adsorption amount was
up to 5048 mg/g, including adsorption and flocculation, and the better removal efficiency can still be
displayed after 5 times of operation [53]. In terms of Polycyclic aromatic hydrocarbon, pyrolysis of
biochar using sludge from a groundwater treatment plant can be very effective, with a degradation
efficiency of 87 %. The biochar produced at 700C was mainly degraded by Fenton oxidation, in which
Fe3+ /[Fe2* and MN3* /Mn2?* contributed redox pairs and accelerated the formation of 2 —¢ and HOe®
radical [54]. In recent years, the research progress of biochar modification to remove organic
pollutants has been recorded. More research is needed to design specific biocarbons that target
specific pollutants and have clear interactions to achieve on-off regulation of cyclic remediation [52].
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6.4. Algae Repair

The most important processes in algal reactions are biodegradation, photodegradation,
volatilization and adsorption [55]. Generally speaking, biodegradation and light degradation are the
most related methods to remove organic micro -pollutants in urban wastewater [56]. For example,
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algal-mediated removal of five PPCP species (Trimethoprim, Sulfamethoxazole, carbamazepine,
Ciprofloxacin and triclosan) from lake water. Significant removal efficiency was demonstrated under
light conditions, with Ciprofloxacin and triclosan being highly sensitive to light resulting in a 100%
removal efficiency [57]. Zhang et al found that both BPA and NP could be removed by intertidal algal
blooms at ambient concentrations, with Ulva pertusa being the most efficient. The removal
mechanism consists of initial rapid biosorption followed by slow accumulation and biodegradation
[58]. In addition, biosorption and bioaccumulation are also important ways to remove the
concentration of organic pollutants in the environment. The difference lies in the accumulation of
pollutants attached to the surface or environment in the cytoplasm. Microalgae can grow even after
absorbing pollutants. Clearly, bioaccumulation requires that microalgae be viable, rather than living
algae more suitable for removing dyes and heavy metals [59]. Thus, due to the metabolic activity of
the cell wall and the physical chemistry process on the surface of the cell wall, different wastewater
organic and algae culture ingredients may help unique organic removal mechanisms.
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Figure 7. Mechanisms of bioremediation of new pollutants through microalgae-based treatment
systems: (a) EP crosses the algal cell wall and binds to intracellular proteins in living cells during
biouptake; And (B) in inactive cells during bioaccumulation (C) EP is adsorbed to algal cell wall or
extra polymer (EPS) during bioadsorption (D) complex EP is decomposed into simpler and less toxic
compounds during biodegradation (E) EP is exposed to UV light during direct or photodegradation.
[59].

7. Conclusion

The mass production and use of compounds such as PPCBs, PPAHs, etc. has led to their
ubiquitous presence in the environment. Although there are many reports of their presence, the
relative concentrations are higher in Asia and Europe. there are many studies in treatment
technology, lack of corresponding innovation is also a huge problem. It is worth noting that the
current research on the deprivation of new pollutants is mainly concentrated in the simulation of the
laboratory. And despite the fruitful results, the effects of de-priming trace pollutants in the actual
aqueous environment as well as coping with complex environmental matrices are yet to be
investigated, and intermediates produced by degradation of parent neopollutants, for example, are
likely to be more toxic. Considering the current situation, several factors need to be considered:

1. Regulation: As the understanding of neo-pollutants deepens and monitoring technologies
continue to develop, the regulatory system will become more comprehensive and refined. In the
future, regulation will focus more on real-time monitoring and data sharing to detect and
respond to the emergence of new pollutants in a more timely manner. At the same time, we will
strengthen international cooperation and information sharing to jointly address transboundary
pollution.
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discover and respond to the emergence of new pollutants in a timely manner. At the same time,
we will strengthen international cooperation and information sharing to jointly cope with cross
-border pollution.

2. Removal technologies: Future removal technologies will be more efficient, environmentally
friendly and economically viable. With the development of science and technology, more
advanced pollutant removal technologies, such as nanomaterials and photocatalytic technology,
may emerge. At the same time, emphasis will be placed on the practical application and
sustainability of the technologies to ensure their effectiveness in the real environment and long-
term sustainability.

3. Environmental hazards: Future research will be more in-depth and comprehensive in response
to the potential environmental hazards of new pollutants. The focus of research may include
studies on the ecotoxicity, bioaccumulation and potential long-term effects of pollutants in order
to comprehensively assess their impacts on the ecosystem and develop corresponding
countermeasures.
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