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Abstract: Microplastics (MPs), as vectors for various pollutants in the environment, have been
arousing public concern in recent years. The extensive use of antibiotics has led to their frequent
detection in water environments, where they inevitably coexist with MPs and are actively adsorbed
onto MPs’ surfaces. However, the information on the influence of the main environmental factors
on the sorption behavior of MPs is not fully understood, and especially, information about the
effect mechanism is limited. This study aims to comprehensively assess the main factors and
mechanisms that affect antibiotic sorption onto microplastics. The results indicated that the adsorption
of tetracycline (TC) onto PVC MPs fits the pseudo-second-order model well. The adsorption of TC
onto PVC MPs decreased with increasing salinity and pH. With the help of SED analysis, the decrease
at high salinity was attributed to the decreased quantities of the most distributed energy sites in
high-salinity systems compared to freshwater. Additionally, the decreased adsorption capacity of TC
onto MPs at high pH mainly resulted from the electrostatic repulsion between MPs and TC?~. The
coexisting Cu?* and TC could improve the affinity between PVC MPs and TC via “MPs-TC-Cu?*”
and “MPs-Cu?*-TC” bridges, boosting the capacity of PVC MPs to adsorb TC. This study provides
comprehensive insights into the influence and mechanism of the main factors on the environmental
behaviors of the coexistence of MPs with antibiotics, which is of great importance for evaluating and
controlling their risks.
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1. Introduction

Microplastics (MPs, <5 mm) have been widely detected in aquatic environments,
such as oceans, rivers, and lakes [1,2]. Every year, over 8 million tons of MPs are released
into the oceans from terrestrial environments around the world. However, this statistic
about the amount of MPs in soil and water may be incomplete, posing a potential risk to
human health and environmental security. MPs can be easily ingested by organisms due
to their small size, negatively impacting organisms and human health [3,4]. Additionally,
one of the biggest concerns about MPs is their potential to become carriers of coexisting
pollutants in water environments [5]. Given their relatively high specific surface area and
hydrophobicity, MPs inevitably interact with other trace pollutants [6]. The presence of MPs
in air, soil, water, sediment, salt, and food provides exposure pathways for plants, animals,
and humans to a variety of harmful substances, pollutants, and pests [7]. Moreover, MPs
can transport or exchange pollutants from different environmental compartments, even
over long distances [8]. With MP pollution exacerbating and MP surfaces accumulating
trace contaminants at higher concentrations than in the water, their environmental risk is
further increasing via bioaccumulation [9,10]. Therefore, an improved understanding of
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the interaction mechanisms between microplastics and trace pollutants is of significant
importance for assessing their risk to water ecosystems.

Adsorption of trace pollutants onto MPs has been previously studied. Various types of
pollutants in the water cycle, such as antibiotics, polycyclic aromatic hydrocarbons, heavy
metals, and organic compounds, are absorbed by microplastics in water according to their
distribution coefficients [11], revealing the importance of van der Waals forces, hydrophobic
interactions, and electrostatic interactions [12,13]. Van der Waals forces are noncovalent
interactions that are prone to occur in aliphatic polymers (e.g., polyvinyl chloride (PVC)
and polyethylene (PE)) and aromatic polymers [14]. Hydrophobic interactions, also as a
form of noncovalent bonds, are prone to take place in a polar medium [15]. Guo and Wang
previously reported that the adsorption of sulfamethoxazole and cephalosporin C onto
PE was affected by their hydrophobicity differences [16]. Regarding electrostatic interac-
tion, this force arises when positively charged molecules are close to negatively charged
molecules [17]. Notably, these interaction forces are inevitably affected by environmental
factors (e.g., salinity, pH, metal ions, etc.), further altering the sorption capacity. For in-
stance, electrostatic interactions are susceptible to solution pH and the charge of coexisting
pollutants. Wang et al. reported that activated carbon fiber (ACF) positive surfaces exhib-
ited higher adsorption capacity at low pH for anionic perfluorooctane sulfonates (PFOSs)
than nonionic perfluorooctane sulfonates (FOSAs), which means that the adsorption of
antibiotics with different ionic, and ionic and amphoteric chemical forms on MPs may
exert differences at different pH values [18]. It has been confirmed that negatively charged
MPs favor the adsorption of positively charged pollutants and exhibit higher adsorption
efficiency than negatively charged pollutants [19]. However, the influence of the main
factors on the sorption behavior of MPs has not yet been fully understood; especially, the
information about the effect mechanism is limited.

Antibiotics, ubiquitously detected in global environments, have been arousing great
concern due to the development of microbial antibiotic resistance [20]. Large quantities
of antibiotics are discharged into water environments every year. In China alone, over
60,000 tons of antibiotics were released into various environments in 2018 [21]. MPs and an-
tibiotics are two emerging kinds of contaminants, bringing great potential threats to water
ecosystems and human health. According to Quan et al., the adsorption of various antibi-
otics by MPs may result in their long-range migration and lead to complex influences [22],
and the interactions between antibiotics and MPs may aggravate the potential threat to
human health. The concentrations of antibiotics in aquatic environments can even reach
concentrations of pg/L-mg/L. Tetracycline (TC) is a broad-spectrum antibiotic commonly
used in human medical treatment and animal husbandry [15]. Approximately 70 to 90%
of administered TC is not biologically degraded and is discharged into the environment
through urine and feces [23]. Consequently, TC is frequently detected in the environment
at concentrations reaching the pug/L-mg/L range [24], attracting extensive attention as an
emerging trace pollutant in recent years. When TC combines with MPs and is ingested by
organisms, the toxicity may be increased. Therefore, it is of great importance to system-
atically evaluate the interactions between TC and MPs and their potential environmental
risk, especially the influence of environmental factors (e.g., salinity, pH, metal ion) on their
interaction in seawater.

To the best of our knowledge, some studies investigated the effects of pH, salinity, and
metal ions on the adsorption of antibiotics onto microplastics, but there are still limitations
regarding the underlying mechanism. More importantly, the variety of antibiotics and
MPs used in these studies is extensive, and the adsorption of different antibiotics onto
different types of MPs varies, resulting in changes in the influence of environmental factors
(e.g., pH, salinity, and metal ions) accordingly. Puckowski et al. studied the adsorption
of norfloxacin on low density polyethylene (LDPE), high density polyethylene (HDPE),
polypropylene (PP), and PVC, and the results showed that LDPE and HDPE had peak
adsorption on norfloxacin at pH 4 and pH 2, respectively, and the peaks of PP and PVC
were adsorbed at pH 12 [25]. Guo et al. showed that the adsorption of sulfamethoxazole
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and sulfamethazine onto PE, polystyrene (PS), polyamide (PA), PVC, PP, and polyethylene
glycol terephthalate (PET) showed a decreasing trend with increasing NaCl concentration
(10%, 20%, and 35%) [26]. Fei et al. discovered that the presence of Cu?*, Zn?*, and Cr3*
improved the adsorption performance of levofloxacin (OFL) onto polyvinyl chloride (PVC)
in aqueous solution, but the presence of Cd?* and Pb?* ions inhibited the adsorption, and
this was related to the type and concentration of heavy metals [27]. However, further
research is required to clarify the influence of these factors on the adsorption properties of
antibiotics onto MPs.

In the present study, we aim to investigate and reveal the effects and mechanisms
of salinity, pH, and main metal ions on the adsorption behaviors of antibiotics onto MPs.
To this end, PVC, the common MP in aquatic environments, was selected to examine the
adsorption behavior of TC onto MPs. Notably, the influence of the main environmental
factors (i.e., salinity, pH, and Cu?*) on the adsorption behavior of TC onto MPs was further
explored. Furthermore, site energy diffusion theory (SED) was employed to reveal the
influence mechanism of these factors, given that SED can provide the energy magnitude
and corresponding distribution function of adsorbent surface sites. This study reveals
the underlying influence and mechanisms of salinity, pH, and Cu?* on the environmental
behaviors of PVC MPs adsorbing TC to evaluate and control their coexistence risk.

2. Materials and Methods
2.1. Materials

Tetracycline (TC, purity 99%) was acquired from J&K Scientific Chemical Co., Ltd.
(Shanghai, China), and the main physicochemical properties of TC were: MW: 444 .43;
aqueous solubility of 0.52-117 mmol/L; logKew of 20,131.97 to —0.47; and pK,, values
of 3.3, 7.7 and 9.7. Molecular structure of tetracycline and its speciation as a function
of pH are presented in Figure S1 [28]. Analytical grade reagents of sodium chloride
(NaCl), sodium hydroxide (NaOH), potassium chloride (KCl), calcium chloride (CaCly),
magnesium chloride (MgCl,), magnesium sulfate (MgSQO;), and copper sulfate (CuSOy)
were also obtained from J&K Scientific Chemical Co., Ltd. Co., Ltd. (Shanghai, China).
Here, NaCl, NaOH, KCl, CaCl,, MgCl,, and MgSO, were used for preparation of simulated
seawater; the detailed preparation method is referred to in previous reports [29]. PVC
MPs (100-200 pm) were obtained from Seedior Co., Ltd. (Guangzhou, China). Water for
environments (18.25 M()-cm) was prepared via Milli-Q purification equipment.

2.2. Characterization

The characterization of MPs references methods in previous literature [30-32]. Scan-
ning electron microscopy (Sigma 300, Zeiss AG, Oberkochen, Germany) was used to study
the surface morphology of the PVC MPs. The element composition and association of
MPs were analyzed using X-ray photoelectron spectroscopy (XPS, K-alpha, Thermo Co.,
Waltham, MA, USA). The crystal structure of MPs was determined using X-ray diffraction
(XRD, Ultima VI, Rigaku Co., Tokyo, Japan). A specific surface area and pore size analyzer
(ASAP2460, Micromeritics Co., Norcross, GA, USA) was used to analyzed MPs’ specific
surface properties under N, adsorption (77.35 K).

2.3. Sorption Experiments

The MPs (100 mg) and TC (10 mg/L initially) were mixed in a conical flask (60 mL,
cover with tinfoil paper) and placed in thermostatic oscillators at different temperatures
(i.e., 288 K, 298 K, and 308 K) for kinetic tests at 180 RPM. The pretest results show that the
adsorption can reach equilibrium within 24 h. Then, 0.5 mL sample was taken at specific
time interval and filtered via 0.45 um glass fiber membrane for analysis. All adsorption
experiments were carried out three times, and the mean values were determined.

Regarding adsorption isothermal experiment, concentrations of TC (1-40 mg/L) were
prepared in a conical flask reactor with 100 mg MPs and placed in the oscillator at 288 K,
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298 K, 308 K, and 180 rpm for 24 h. A 0.45 um glass fiber membrane was used for solid—
liquid separation.

In order to verify the influence of salinity, pH, and Cu on TC concentration in the
absence of MPs, TC concentration was measured under different salinity (seawater, half
seawater, and freshwater), different pH (pH =5, 8.1, and 11), and different Cu ion concen-
trations (Cu: TC =0, 0.5, and 1). The changes in C/Cy over time are shown in Figure S2. As
shown in Figure S2, C/Cy decreased slightly (<3%) over time, and the blank experiment
without MPs shows that the change in TC concentration can be ignored.

2.4. Adsorption Kinetics of TC onto MPs

Q¢ (i.e., adsorption amount of TC onto MPs (mg/g)) was obtained via Equation (1)
as follows:
Qr=V(Co — Co)/m (1)

Here, subscript t represents the adsorption time (h); V represents the adsorption
solution volume (L); Cg and C; represent the TC concentrations at initial time and adsorption
time ¢ (mg/L); m represents the MPs used in adsorption environment mass (g); and Q;
represents the solute adsorption amount of TC onto the per unit mass of MPs at adsorption
time t (mg/g). Upon adsorption achieving equilibrium, TC concentration is expressed
as C,; meanwhile, the solute adsorption amount of TC onto PVC MPs is expressed as Q..
The adsorption kinetics of TC onto MPs were fitted using pseudo-first-order and pseudo-
second-order models, respectively [33,34]. The diffusion process was fitted by intraparticle
diffusion models [35].

2.5. The Site Energy Distribution (SED) Analysis

The site energy distribution (SED) analysis method was determined based on previous
studies [36]. In addition, the calculation of standard deviation refers to the research of
Shen et al. [37]. In detail, SED, on basis of heterogeneous surface adsorption theory, was
calculated via an equation as follows:

+o0
Q€)= [ mu(E COF(E)E @

Here, gj,(E, Ce) represents the adsorption isotherm of local adsorption site. F(E)
presents the frequency distribution function of local adsorption site energy. An approxi-
mate method based on the heterogeneous surface adsorption theory proposed by Cero-
folini [38,39] was also used, in which, the relationship between E* and C. (Equation (3)) can
be obtained via approximate condensation method proposed by Cerofolini:

Ce = Cs exp[—(E — E;)/RT] = Cs exp(—E*/RT) 3)

Here, C; represents the maximum solubility of adsorbate (i.e., antibiotic in this study),
C. represents the antibiotic concentration in solution when adsorption equilibrium is
achieved, and E represents the adsorption energy of C.. E; represents adsorption energy
of Cs. E* represents the difference in adsorption energy between adsorbate and solvent on
the surface of MPs based on E;. In the present study, the greater E* indicates that desorption
of antibiotics from MPs required more energy, and thus the adsorption is considered to be
more persistent. Upon C, = Cs and E* = 0, the capacity of the MPs to adsorb antibiotics
on their surface is lowest. On basis of the calculated C. and E* and their relationship, the
adsorption isotherm model was obtained and expressed as the equation of Q.(E*) — E*. As
a consequence, the SED equation F(E*) could be defined via Q.(E*) as follows:

F(E*) = —dQ.(E*)/dE* (4)

The SED curve could illustrate the change in adsorption site energy related to the
accessible adsorption site frequency. Additionally, the standard deviation () was used to
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denote heterogeneity of their energy. The values of E* and E*? are determined via p(E*?)
and u(E*)?, and the equation is as follows:

0 = \/ u(E2) = p(Ex)’ 5)

SR ErR(ET)d(EY)
JE% F(E*)d(E*)

H(E) ©
e B E(E)A(E)
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Theoretically, E1* and E;* are equivalent to the E* at low-energy and high-energy sites
when F(E¥) = 0. In the present study, E;* and E,* represent the minimum and maximum
expectation values, respectively.

Notably, the sorption isotherms (i.e., Langmuir, Freundlich, and Langmuir-Freundlich)
were used in our study (Figure S3 and Table S2); the Langmuir-Freundlich model was the
most suitable for the three temperatures (adjusted-R? > 0.987), suggesting that the process is
monolayer sorption in heterogeneous systems. Based on the Langmuir-Freundlich model
and Equations (2) and (3), the SED frequency function F(E*) was acquired via Equation (S1).

2.6. The Analysis Method of Antibiotics

In the present study, tetracycline (TC) as a spectral antibiotic was selected to investigate
its adsorption behavior on PVC MPs due to its frequent detection in water environments.
High-performance liquid chromatography was applied to detect the residue of tetracycline
in the solution. The mobile phase of analyzing TC was as follows: acetonitrile (30%) and
0.01 mol/L oxalic acid (70%), and flow rate was 0.7 mL/min. The detection wavelength
was set at 365 nm.

3. Results and Discussion
3.1. The Adsorption Kinetics of TC by MPs

Characterization of PVC MPs. The SEM images, XPS, and XRD spectra of PVC
MPs are shown in Figure 1. The size of MPs used in this study is about 100-200 pm
(Figure 1a), and the appearance of PVC MPs involves some obvious cracks, exhibiting
obvious characteristics of roughness and irregularity (Figure 1b). This result is consistent
with previous reports [12,13]. The PVC MPs” high surface roughness results in a big specific
surface area, as shown in Table S1. The surface area was detected to be 1941 m?2/ g, the
single point pore volume was 0.003113 cm®/g, and the average pore size was 6.415 nm. The
higher specific surface area makes them more susceptible to the adsorption of coexisting
trace contaminants.

The crystallinity of the MPs was also analyzed via XRD. As shown in Figure 1c, the
MPs are amorphous, with a crystallinity of 24.14% based on Text S2. The surface element of
the MPs was observed via XPS, as shown in Figure 1d. The full spectrum indicates that
elements of the MPs mainly consist of C and Cl, with the presence of O in the composition of
PVC MPs. The presence of oxygen may be attributed to the generation of oxygen-containing
function groups during the preparation of microplastics. The generated oxygen-containing
groups on the surface of MPs can increase their hydrophilicity, favoring the adsorption of
polar trace pollutants via hydrogen bonds [40].

The adsorption kinetics of TC by MPs. The kinetic models fitted to the PVC MPs
adsorbing TC are exhibited in Figure 2a,b and Table S3. It was shown that the pseudo-
second-order model fitted the process of PVC MPs adsorbing TC well (adjusted-R? = 0.824
at 288 K, adjusted-R? = 0.892 at 298 K, and adjusted-R? = 0.860 at 308 K). The maximum
adsorption capacities at 288 K, 298 K, and 308 K were found to be 0.538, 0.637, and 0.688 mg/g,
respectively. Here, the adsorption processes were influenced by several factors, including
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external diffusion of the liquid film, surface adsorption, and internal diffusion of particles. In
the initial stage of adsorption, the observed rapid adsorption of TC was probably attributed to
the abundant amounts of adsorption sites on the MPs. With the adsorption sites on the surface
of MPs occupied, the adsorption rate slowed gradually, and finally, the adsorption achieved
equilibrium after 24 h. The results from the intraparticle diffusion model obtained via Q%>
are shown in Figure 2b. The adsorption process was completed in three stages. First, TC was
rapidly attached to the PVC MP external surfaces; in this stage, the slope reached a maximum.
Second, TC molecules were transported to the internal pores of the PVC MPs. Finally, the
adsorption process gradually reached a pseudo-equilibrium state [41].

EHT= 300KV Signal A= InLens Aperture Size = 20.00 ym EHT= 3,004V Signal A= InLens Aperture Size = 20,00 ym
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Figure 1. The XPS patterns of PVC MPs and characterization of PVC MPs: (a) SEM images (200x);
(b) SEM images (20,000x); (c¢) XRD analysis; (d) XPS analysis.
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Figure 2. Adsorption kinetics of TC onto PVC MPs at three temperatures (a) and intraparticle
diffusion model for sorption of TC onto PVC MPs (b). Experimental conditions: initial concentration
10 mg/L in freshwater with pH 6.5 & 0.2.
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3.2. Effects of Salinity on Adsorption Kinetics of TC onto PVC MPs

The influence of salinity on the adsorption capacity of MPs was investigated (Figure 3).
With the increase in salinity, the adsorption capacity of PVC MPs for TC exhibited an
obvious decrease. When the initial TC concentrations were 4, 8, 12, and 16 mg/L, the
theoretical maximum adsorption capacity Q, of seawater decreased by 16.60%, 10.71%,
12.24%, and 7.91%, respectively, compared with in freshwater. This is consistent with
previous reports; when the NaCl concentration was increased from 8.8% to 35%, the
adsorption capacity of PVC MPs for ciprofloxacin decreased gradually [42]. The increase
in salinity enhances the ionic strength. In this case, cations are adsorbed onto negatively
charged MPs through electrostatic interaction and ion exchange competing with TC for
adsorption sites [43]. In addition, Na* may inhibit the formation of hydrogen bonds by
substituting H* to reduce the adsorption of TC on MPs [44]. Therefore, the adsorption of
TC on PVC MPs would be inhibited in high salinity systems.
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Figure 3. The effects of salinity on adsorption of TC onto PVC MPs. Experimental conditions: pH 6.8 & 0.2.

The site energy distribution of PVC MPs in three salinity systems was further explored;
the F(E*)-E* curves are displayed in Figure 4, and the key SED parameters are shown in
Table S4. The o(*) of PVC MPs ranged from 2.702 to 2.729 in three salinity systems. The
values of F(E¥) for PVC MPs decreased from 174.532 to 142.153 with increasing salinity
(decreasing 22.78%), indicating that the quantities of the most distributed energy sites were
decreased significantly in high-salinity systems compared to freshwater, which further
boosted the adsorption capacity. Therefore, in low salinity conditions, the promotion may
be attributed to TC molecules preferentially occupying high-energy adsorption sites, with
the adsorption site energy changing from low energy to high energy.
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Figure 4. SED analysis of adsorption at different salinity (freshwater, half seawater, and seawa-
ter environments).

3.3. Effects of pH on Adsorption of TC onto PVC MPs

The pH of natural water is typically between 5 and 9, but the pH can alter erratically
due to various coexisting contamination. We investigated the adsorption capacity of
MPs for TC at different pH levels to evaluate the effects of pH on the process of MPs
adsorbing TC, and the results are shown in Figure 5. When the initial TC concentrations
were 4, 8,12, and 16 mg/L, the theoretical maximum adsorption capacity Q, at pH 11
decreased 31.61%, 30.64%, 12.18%, and 16.07%, respectively, compared with that at pH 5.
Similar adsorption behavior of sulfamethoxazole and tylosin onto PVC and PP has been
confirmed [43,45]. This result is attributed to the species of TC present as a function
of pH. In detail, at pH 5, TC existed as neutral molecules, and when the pH is at 11, TC
existed in the form of ionizable compounds (i.e., TCZ*), which is related to its dissociation
constant [46]. As MPs are negatively charged, and the PZC is in an acidic condition, and
with the increase in pH, the charge of MPs will change from a positive charge to zero
(pH = PZC) and then to a negative charge. When antibiotics exist in the form of ionizable
compounds, electrostatic repulsion occurs between MPs and antibiotics [47].

Based on SED theory, the site energy distribution of PVC MPs at different pH was
further explored; the F(E*)-E* curves are shown in Figure 6. At pH 5, more adsorption
sites were available, and the pattern exhibited the tendency to move toward high-energy
sites, leading to more adsorption sites being activated in this condition, and TC always
occupied the high-energy sites. The average site energy u(E") also reached the maximum
value at pH 5 (i.e., 21.023) and the minimum value at pH 11 (i.e., 20.927), resulting in
the highest affinity at pH 5 and the lowest at pH 11 [48]. At pH 11, PVC MPs were
negatively charged, producing electrostatic repulsion with TC?~, but at pH 5, TC molecules
were uncharged, and hydrophobic interactions played a dominant role in the adsorption
process [49]. Additionally, the value of F(E") for PVC MPs decreased from 171.291 at pH 5
to 126.299 at pH 11 (decreasing by 26.27%). This result demonstrated that the decreased
adsorption capacity of TC onto MPs mainly resulted from electrostatic repulsion between
MPs and TC?~.
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3.4. The Effects of Cu®* on Adsorption of TC onto PVC MPs

Different trace metal ions also affect each other. At present, many studies have reported
the presence of a variety of heavy metals on the surface of MPs, including Cu, Zn, Cd,
Cr, Pb, Co, Ni, Al, Mn, Fe, Ca, Ag, and Hg. Cu is a common metal element in water
environments and has been widely studied. In addition, TC contains electron donor groups
that can bind to metal ions, such as Cu, thereby affecting the behavior of TC and heavy
metals in the environment. Studies have shown that the combination of antibiotics and
heavy metals promotes their adsorption under certain conditions [50]. The complex and
competitive behavior of Cu?* and TC plays an important role in the adsorption process [48].

Cu?* was selected to investigate the influence of metal ions in half seawater at 298 K.
The adsorption capacity of MPs for TC in the presence of Cu?* is shown in Figure S4, and
the results showed that the adsorption capacity of MPs to TC increased with the increase in
copper ion concentration. The SED patterns are shown in Figure 7. According to the area
under the SED curve, it is clear that the adsorption capacity of PVC MPs for TC increased
significantly in the presence of Cu?*. Additionally, the SED curve of PVC MPs became
“short and fat” in the presence of Cu®, indicating the most distributed energy sites F(Ep*)
transformed to sites with other energy and caused an increase in the unevenness degree.
This increase may be attributed to the complexation of Cu?* with TC. It was previously
reported that [TC-Cu]” is the main complexation form when pH > 5 [51]. The coexistence
of Cu?* and TC could realize the synergistic adsorption between each other through the
bridging form of “MPs-TC-Cu?*” and “MPs-Cu?*-TC”. The affinity between the PVC MPs
and TC was increased via complexation. Therefore, the adsorption capacity of PVC MPs in
the presence of Cu?* was relatively improved [50].

2004 Cu*™:TC=1:1
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Figure 7. SED of TC adsorption onto PVC MPs in the presence of Cu®*. Experimental conditions: the
concentration of Cu to TC was in mg/L, the experiments were conducted in freshwater at pH 6.8 & 0.2.

4. Conclusions

In the present study, batch adsorption experiments were conducted under various
conditions to explore the influence of salinity and pH on the adsorption of TC onto MPs. A
pseudo-second-order model was found to accurately describe the adsorption of TC onto
PVC MPs, and the adsorption capacity increased with temperature (288K, 0.538 mg/g;
298K, 0.637 mg/g; 308K, 0.688 mg/g). According to SED analysis, with the increase in
salinity, the number of active sites on MPs will decrease, thus reducing the capacity of
MPs to adsorb TC. As for the effect of pH on the adsorption capacity of MPs, SED analysis



Water 2023, 15, 1925 11 0f 13

indicated that the increase in pH enhanced the electrostatic repulsion between MPs and TC,
leading to a decrease in adsorption capacity. In addition, Cu?* can realize the synergistic
adsorption between TC and MPs-TC-Cu?* through the form of “MPs-Cu?*” and “MPs-
Cu?*-TC” bridges and through complexation, improve the affinity of PVC MPs for TC. This
study explored the adsorption properties of MPS on TC under different environmental
conditions, which is helpful to further understand the interaction between MPs and TC in
different real environments.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/w15101925/s1, Text S1: SED frequency function F(E*); Text S2: The
calculation of relative crystallinity; Figure S1: Molecular structure of TC; Figure S2: The control
experiments for all explored conditions; Figure S3: The sorption isotherm of virgin and aged PVC
MPs at three temperatures; Figure S4: The adsorption of TC onto PVC MPs in the presence of Cu?*;
Table S1: The results of BET test; Table S2: Parameters for three sorption isotherms of virgin and aged
PVC MPs and TC at three temperatures; Table S3: The parameters of sorption kinetics for PVC MPs
adsorbing TC; Table S4: The SED parameters of PVC MPs adsorbing TC in three salinity systems.
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