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ABSTRACT: Preconditioning of a biocarrier surface is the first step in triggering biofilm formation in attached-growth
bioreactors. However, the quantification and control of this step as influenced by solution conditions and biocarrier properties
have been rarely explored. In this paper, deposition behaviors of soluble pollutants on the model biocarriers polystyrene (PS) and
polyamide (PA) were performed using a quartz crystal microbalance with dissipation monitoring (QCM-D). Three types of
wastewater from municipal and industrial wastewater treatment plants and 12 synthetic wastewaters with different configurations
of model macromolecules (bovine serum albumin and sodium alginate) and ionic compositions (Na+ and Ca2+) were prepared.
Results showed that high organic contents (protein and humic acid) in real wastewater increased deposition compared to the
impact of ions on the two types of carriers. For synthetic wastewater, an interesting phenomenon was observed in that the
presence of Ca2+ can transform a thin and rigid adlayer into a denser and viscoelastic one on the surface of PS with low organic
contents, yet a viscoelastic adlayer can directly form on PS and an increase in the ionic strength hinders deposition in the
presence of high organic contents. The deposition of solutes on PA produces a thicker and viscoelastic adlayer that is
strengthened an elevated concentration of organic materials. Additionally, a weakening effect of Ca2+ on deposition was revealed
under high ionic strength. This is the first demonstration of control strategies for preconditioning hydrophilic and hydrophobic
biocarriers under different water quality conditions and has important implications for the design of a start-up process for biofilm
formation in attached-growth bioreactors.
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1. INTRODUCTION

With improved chemical materials being used as biocarriers, the
biofilm process (i.e., the attached-growth process) has been an
attractive strategy for upgrading wastewater treatment plants
around the world.1−4 A biofilm in an attached-growth
bioreactor is a structured community embedded within a self-
produced matrix of extracellular polymeric substance (EPS)
and is crucial for the performance of the biofilm process.5−7

Generally accepted dynamic processes of biofilm formation
include (i) preconditioning of the adhesion surface, (ii)
adhesion of planktonic cells on the surface and clustering of
cells, and (iii) substrate metabolism and EPS production.7−11

Substratum preconditioning by ambient molecules facilitates
bacterial attachment and deposition as the interface interaction
may modify the surface characteristics and eventually provide

conditions suitable for bacterial retention on the surface.5,7,12

Therefore, it is important to fundamentally investigate the
preconditioning process for a better understanding of biofilm
formation. However, the quantification and control methods
for preconditioning of biocarriers have been rarely explored.
Compared with very limited experimental methods for

substratum preconditioning, such as immersing operation
under static conditions13 and a flowing test based on slides,14

quartz crystal microbalance with dissipation monitoring
(QCM-D) provides a real-time tool for quantifying relatively
low levels of deposition (i.e., ng cm−2) and characterizing
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biomolecular binding events on the solid−liquid interface.15,16

It has also recently been proven to be one of the best tools for
determining the deposition kinetics of soluble pollutants.17−20

Soluble pollutants used in QCM-D experiments in previous
studies were model macromolecules (e.g., bovine serum
albumin (BSA) and sodium alginate (SA)),12,19,21,22 extracted
from pure cultures of bacterial strains,18,22−24 or based on
sewage cultivation under laboratorial conditions,17,20,25 which
might differ considerably from the composition of real
wastewater. In addition, ionic composition should be taken
into account, as it plays an important role in deposition by
affecting polymer−polymer and polymer−substrate interactions
at the interface.18,25−27

On the other hand, properties of the substrate material also
play an important role in preconditioning,12,13,16,24,28−30 among
which surface chemistry (related to wettability and surface
charge) and texture (related to specific surface area and
roughness) are the two major factors. In previous studies,
depositions of BSA and SA on crystal surfaces (polyvinylidene
fluoride (PVDF) and SiO2 account for most cases) under
different solution chemistry conditions were investigated
through QCM-D experiments.12,19,21,22 However, depositions
of multicomponent solutes having characteristics similar to real
wastewater on typical biocarrier surfaces have not to date been
fully investigated.
Polystyrene (PS) and polyamide (PA) are representative

substrate materials that are used as biocarriers in the biofilm
process. They exhibit discrepant characteristics of surface
wettabilities. Our previous study has confirmed that a biofilm
is easier to form on hydrophilic-engineered biocarriers
compared to hydrophobic ones through a 90-day (average)
biofilm formation test in three typical full-scale wastewater
treatment plants (WWTPs). However, whether the surface
wettability-induced difference takes place at the first stage (i.e.,
the preconditioning stage) of biofilm formation remains to be
ascertained.
Therefore, a comparative study on the deposition behavior of

soluble pollutants on PS and PA was carried out through
QCM-D testing in the present study. Both real wastewater from
typical full-scale WWTPs and synthetic wastewater with
different configurations of model macromolecules (BSA and
SA) and ionic compositions (Na+ and Ca2+) were prepared as
testing solutions. Solute deposition behaviors and influence
factors were systematically investigated. To the best of our
knowledge, this study is the first attempt at providing new
insight into the preconditioning of biocarriers, which may help
to obtain clearer information for the design of start-up
processes for biofilm formation in attached-growth bioreactors.

2. MATERIALS AND METHODS
2.1. Wastewater Source and Characterization. Real waste-

water sourced from aerobic bioreactors in three typical full-scale
WWTPs and their descriptions are shown in Table S1 in the
Supporting Information (SI). Soluble constituents were obtained from
the mixed liquor of wastewater after filtration through a 0.45-μm
cellulose acetate membrane (Millipore, USA) within 2 h after sampling
and preserved in a refrigerator at ∼4 °C until use.31 The characteristics
of real wastewater were systematically investigated, including pH,
conductivity, organic composition indicators composed of total
organic carbon (TOC), proteins (PN), polysaccharides (PS), humic
acid (HA), metal elements, zeta potential, and fluorescence spectra.
The pH value, conductivity, and TOC were measured by standard
methods.32 PN, PS, and HA were determined according to Bradford,33

DuBois,34 and Frølund assays,35 respectively. Metal element contents

were measured using inductively coupled plasma-optical emission
spectroscopy (ICP-OES, Optima 5300DV, PerkinElmer, USA). Zeta
potentials of real wastewater were obtained through a dynamic light
scattering particle sizer (ZetaPALS, Brookhaven Instruments, USA).
Excitation emission matrix (EEM) fluorescence spectra was performed
on a spectrofluorometer (Fluoromax-4, Horiba-JobinYvon, France)
according to our previous study.36 All of the measurements were
conducted at ∼25 °C. Triplicate determinations were carried out for
pH, conductivity, organic composition indicators, and metal element
contents for each sample. Four runs per cycle were chosen for
measurement of the zeta potential.

Twelve types of synthetic wastewater samples were prepared
according to compositions of real wastewater with three concentration
gradients of PN and PS with a constant PN/PS ratio (i.e., 3) and two
differentionic strengths (10 and 120 mM) in the presence or absence
of 1.5 mM Ca2+, respectively (Table 1).

2.2. Source and Characterization of Model Biocarriers. Both
the polystyrene (PS, QSX305)- and polyamide (PA, QSX999)-coated
crystals were purchased from Q-sense AB (Sweden). Contact angles of
double distilled water and real wastewater on the coating surfaces were
determined by the sessile drop-tangent method using a drop shape
analysis system (DSA100, Krüss, Germany) at room temperature (25
± 1 °C). At least five measurements at different locations were
averaged to obtain the contact angle of each sample.

2.3. QCM-D Experiment and Modeling. Deposition behaviors
of real and synthetic wastewater on PS and PA were both investigated
in the Q-Sense system (Biolin Scientific AB, Sweden) at 25 °C.
Pretreatment of the crystals was referred to Sweity.17 Likewise, a
constant flow rate of 150 μL min−1 of fluid in the chamber was applied.
The flow schedule was as follows: (i) background solution (i.e., double
distilled water); (ii) the tested solution of the wastewater sample; and
(iii) background solution. Variations of frequency ( f, Hz) and
dissipation factor (D) were monitored, and ratios of dissipation factor
versus frequency shifts (ΔDn/−Δf n) were recorded at five overtones
(n = 3, 5, 7, 9, and 11). Depending on the average ΔD/−Δf ratios,
Sauerbrey and Voigt models were employed to model the adlayer mass
and thickness variations, respectively.30,37−42 The Sauerbrey model is
valid for nondissipative to weakly dissipative adlayers with an average
ΔD/−Δf ratio smaller than 1 × 10−7 Hz−1

Δ =
−Δ

m C
f

n
n

(1)

Table 1. Composition of Synthetic Wastewater

concentration
(mg L−1)

group subgroup BSA SA
ion strength

(mM) ion composition

L1 1 20 20 × 1/3 10 10 NaCl
2 20 20 × 1/3 10 5.5 NaCl+

1.5 CaCl2
3 20 20 × 1/3 120 120 NaCl
4 20 20 × 1/3 120 115.5 NaCl+

1.5 CaCl2
L2 1 50 50 × 1/3 10 10 NaCl

2 50 50 × 1/3 10 5.5 NaCl+
1.5 CaCl2

3 50 50 × 1/3 120 120 NaCl
4 50 50 × 1/3 120 115.5 NaCl+

1.5 CaCl2
H 1 120 120 × 1/3 10 10 NaCl

2 120 120 × 1/3 10 5.5 NaCl+
1.5 CaCl2

3 120 120 × 1/3 120 120 NaCl
4 120 120 × 1/3 120 115.5 NaCl+

1.5 CaCl2
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where Δm (ng cm−2) is the areal mass density of the adlayer, C (17.7
ng cm−2 Hz−1) is the sensor-specific mass sensitivity constant, and Δf n
(Hz) is the frequency shift of the nth overtone. Data from the 3rd
overtone were used for calculations and plotting. The Voigt model in
the QTool 3 software (Q-Sense) is applied when the average ΔD/−Δf
ratio is greater than 1 × 10−7 Hz−1. Data from the 5th, 7th, 9th and
11th overtones were used by this model to calculate the thickness of
adlayers under the assumption that adlayers were perfectly
homogeneous in density and distribution on the coating surface.

The density and viscosity of the fluid and the density of the adlayer
were assigned at 1000 kg m−3, 0.001 kg m−1 s−1, and 1030 kg m−3,
respectively.17

Finally, the deposit rate (ng cm−2 h−1 or nm h−1) was calculated by
maximal deposition mass or thickness divided by the duration time,
respectively, in which the time span was from the beginning to the
time point corresponding to the lowest frequency shift after injection
of the tested solutions.

Table 2. Properties of Real Wastewater in the Present Study

parameters (sample source)

properties LL (WWTP-1) HL (WWTP-2) HH (WWTP-3)

pH 7.66 ± 0.14a 7.78 ± 0.16 7.52 ± 0.15
conductivity (μs cm−1) 670 ± 13 1992 ± 52 15440 ± 393
organic components (mg L−1) TOC 60.3 ± 2.08 24.6 ± 0.64 197 ± 7.85

PN 83.2 ± 4.35 16.9 ± 0.72 144 ± 6.14
PS 33.1 ± 0.95 5.24 ± 0.18 22.4 ± 0.71
HA 37.4 ± 1.24 8.64 ± 0.26 70.5 ± 2.32

metal element contents (mg L−1) Na 69.6 ± 1.04 297 ± 7.42 2781 ± 305.8
Ca 50.5 ± 0.61 70.1 ± 0.98 51.2 ± 0.62
Mg 11.1 ± 0.14 15.9 ± 0.20 10.1 ± 0.12
K 11.7 ± 0.15 2.99 ± 0.037 22.4 ± 0.27
P 2.98 ± 0.038 4.97 ± 0.061 6.72 ± 0.082
Si 3.31 ± 0.041 2.94 ± 0.036 3.97 ± 0.046
Sr 0.280 ± 0.0096 0.149 ± 0.0053 0.270 ± 0.0096
Mn 0.082 ± 0.0069 0.028 ± 0.0026 0.184 ± 0.0065
Ba 0.029 ± 0.0028 0.021 ± 0.0020 0.120 ± 0.0042
Zn 0.024 ± 0.0026 0.016 ± 0.0014 0.145 ± 0.0053

zeta potential (mV) −19.6 ± 1.01 −17.0 ± 3.92 −25.5 ± 7.34
aOne standard deviation.

Figure 1. EEM fluorescence spectra of real wastewater with (a) LL, (b) HL, and (c) HH parameters.
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3. RESULTS AND DISCUSSION

3.1. Characteristics of Real Wastewater. The properties
of real wastewater are shown in Table 2. Except for similar
neutral pH values, significant differences of chemical parame-
ters were found between the three samples, exhibiting typical
water qualities: undoped municipal wastewater with low salinity
and low organic concentration (LL), industrial wastewater with
high salinity (1095 mg L−1 average at 21 ± 1 °C) and low
organic concentration (HL), and industrial wastewater with
high salinity (8700 mg L−1 average at 25 ± 1 °C) and high
organic concentration (HH). For the organic indicators, TOC,
PN, and HA all exhibited their highest concentrations in HH
and lowest concentrations in HL. Na, Ca, and Mg were the
main cations in the three samples (other metals not
synchronously detected are shown in Table S2 in the SI).
The concentration of Na increased in the order LL < HL <
HH, whereas the highest concentrations of both Ca and Mg
were detected in HL.
Zeta potentials of the three wastewater samples were

negative with absolute values <30.0 mV, suggesting instability
of the colloidal dispersion. It also became less negative abiding
by the order of HH > LL > HL, which was possibly due to
divalent ions complexing with biomacromolecules, leading to
neutralization of surface charge22,43−45 because the contents of
Ca and Mg ions showed the opposite variations. The variation
of in the zeta potential as well as the ion concentrations of the
three samples illustrated that compression or shielding effects
of the electrostatic double layer by increasing the Ca and Mg
ions rather than other cations resulted in a colloid layer with
stronger instability and greater electrophoretic mobility.23,46−48

Figure 1 showed the EEM fluorescence spectra of the real
wastewater samples. Five fluorescence peaks were identified,
and their locations and intensities were summarized in Table S3
in the SI. Fluorescence peak E was only found in HL, whereas
the other four fluorescence peaks (A, B, C, and D) all emerged
in the three samples. Intensities of the four mutual fluorescence
peaks also increased following the same orders as those of
TOC, PN, and HA as mentioned above, which clearly displayed
cross-validation for organic components determined by
chemical assays and fluorescence spectroscopy.
All three samples exhibited fluorescence characteristics of a

humic acid-like substance (peaks A and B), fulvic acid-like
substance (peak C), and soluble microbial product (SMP)-like
substance (peak D), which is in accordance with reports from
real wastewater samples.49−51 Additionally, HL showed
fluorescence characteristics of an aromatic protein-like
substance (peak E), which might be related to the technical
process at the fine chemical plant.
3.2. Surface Wettability of PS and PA Coatings. PS and

PA coatings exhibited hydrophobic and hydrophilic natures,
respectively (images of contact angle determination are shown
in Figure S1 in the SI), with water contact angles of 99.8° ±
2.23 and 63.5° ± 1.52, respectively (Table 3). Solute-induced
enhancement of wettability was observed as the contact angles
of the three real wastewater samples were smaller than those of
double distilled water on PS and PA. The contact angles both
decreased in the order of LL > HL > HH on two kinds of
sensors, implying greater ease of surface wettability enhance-
ment by ions compared to that of organic contents.43−45

Additionally, little differences were found between contact
angles of HL and HH on the same coatings, which will be
discussed below.

3.3. Solute Deposition Behavior and Modeling.
Normalized frequency and dissipation shifts at the 5th, 7th,
9th, and 11th harmonics (i.e., n = 5, 7, 9, and 11) during the
deposition of real wastewater samples were presented as an
example in Figure 2 (results using synthetic wastewater are
shown in Figures S2−S4 in the SI). A skip point of 30 was
applied for the scatterplot. Generally, frequency shifts decreased
and dissipation shifts increased at the four overtones along with
solution injections with the exception of HL. The frequency
shifts first decreased and then increased during injection of HL
on PS, implying that desorption of the adlayer occurred due to
loose binding force toward the interface. After washing the
sensor with water, the frequency increased continuously, which
was most likely attributable to the suction of air as the nozzle of
the inflow catheter was not immersed in the background
solution. The present study has focused on the initial
deposition assessment, which was independent of desorption
behaviors in the washing stage, and the elapsed time in the first
stage (i.e., 194.54 s) was used to calculate the deposit rate of
the adlayer on PS.
Dissipation factors versus frequency shifts at the 3th, 5th, 7th,

9th, and 11th overtones during the deposition of all 15 samples
tested on the two surfaces are shown in Figure S5 in the SI.
Average ΔD/−Δf ratios were calculated and are exhibited in
Figure 3a. Taking the value of 0.1 × 10−6 as a threshold, the
Voigt and Sauerbrey models were applied for modeling adlayer
thickness and mass variations during the deposition,
respectively. The Voigt model was suitable for most cases,
whereas the Sauerbrey model was only fit for depositions of
four tested solutions on PS: L1−3, L2−1, L2−3, and HL. The
fitting results of the real wastewater samples as an example are
given in Figure S6 in the SI. Finally, the deposit rate (ng cm−2

h−1 or nm h−1) was calculated and is shown in Figure 3b. Both
of the greatest thickness deposit rates (TDRs) of 55.17 nm h−1

and 130.19 nm h−1 appeared in depositions of HH and L2−2
on PA among real and synthetic wastewater samples,
respectively, whereas the mass deposit rate (MDR) had a
maximal value of 961.81 ng cm−2 h−1, which was found in
deposition L2−3 on PS. It is worth mentioning that the ΔD/
−Δf ratios were all positive except for two cases, depositions of
samples L2−2 and L2−4 on PS (excluded when modeling),
which was validated through repeated measurements. This
interesting phenomenon implies that such a configuration of
the BSA−SA complex and ionic composition may be a turning
point for monitoring fluid dynamics on PS, which needs to be
further investigated.

3.4. Relationship between Deposit Rates of the
Adlayers and Their Fluidities. The ΔD/−Δf ratio represents
the magnitude of the variations in the adlayer fluidity, which is
the main factor responsible for damping the quartz
vibration.17,52 Thickness and mass deposit rates of the adlayers
versus their fluidities during deposition are shown in Figure 4.
Negative correlations were observed between the thickness

Table 3. Contact Angles of PS and PA Coatings

contact angle (deg)

parameters PS PA

water 99.8 ± 2.23a 63.5 ± 1.52
LL 98.2 ± 2.14 62.7 ± 1.51
HL 88.9 ± 1.90 54.6 ± 1.36
HH 88.8 ± 1.91 52.3 ± 1.35

aOne standard deviation (N ≥ 5).
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deposit rate (TDR) and fluidity in depositions of seven
synthetic wastewater samples on PS and those of real
wastewater samples on PA, indicating that a more viscoelastic
adlayer (corresponding to a higher fluidity) would associate
with less thickness. No clear correlation was found between the
two parameters when all 12 synthetic wastewater samples were
deposited on PA (Figure 4b). Interestingly, the mass deposit
rate (MDR) of the adlayer correlated positively with its fluidity
on PS (Figure 4a), implying that a more rigid adlayer
(corresponding to a smaller fluidity) would result in less
mass retention.
3.5. Influence of the Properties of the Substrate

Material. PS and PA are representative biocarrier materials
that exhibit discrepant characteristics. A clear comparison can
be made from Figure 3(b) in that the thickness deposit rates
(TDRs) of the tested samples on PA were all greater than those
on PS for the same sample with the exception of three cases
(L1−2, L1−4 and H-2). The hydrophobic surface inhibits
adherence of soluble pollutants to the surface, whereas the
hydrophilic surface improves wettability and enhances soluble
pollutant deposition. On the other hand, the functional groups
in solutes, such as hydroxyl, carbonyl, amino, phenolic hydroxy,
and methoxy groups,46,53 might form hydrogen bonds with
acylamino on the surface of PA. Likewise, hydrophobic groups,
such as nonpolar groups in solutes, may facilitate the bonding
approaching the surface of PS. Subsequent conformational
changes may occur, allowing other functional groups to come
close enough to the surface to finally result in short-range

attractive polymeric interactions.22,27,54 This may also partially
explain the different deposition rates of HL and HH on the
same surface despite the similarity in their contact angles.

3.6. Effect of Soluble Components and Surface
Charge Characteristic. In the present study, different
solution chemistry conditions were designed to reveal the
influence of soluble components on deposition behavior. As
shown in Figure 3b, thickness deposit rates (TDRs) of the
adlayers on PS exhibited distinguishing features among the
different groups. Under a low concentration BSA−SA complex
(i.e., L1 group), the TDR of the adlayer increased along with
increasing ionic strength and Ca2+, whereas under a high
concentration of the complex (i.e., H group), it decreased with
increasing ionic strength and Ca2+. In addition, the TDRs of the
adlayers of real wastewater samples on PS were smaller than
those of synthetic wastewater and had similar characteristics, as
described under the high concentration of the complex (the
TDR of LL was a little higher than that of HH), which was
mainly due to interactions between the macromolecules and
ions.44,45,47 Generally, high organic composition enhanced the
TDRs of the adlayers on PA in both synthetic wastewater
(relatively smaller TDRs in L1 groups) and real wastewater
(HH > LL > HL). High ionic strength seemed to facilitate
depositions under low organic compositions (L1 group),
whereas it had a weakening effect under elevated organic
compositions (L2 and H groups). The impact of Ca2+

correlated with ionic strength, strengthening and weakening
the effects at low and high ionic strength, respectively. It can be

Figure 2. Normalized frequency and dissipation shifts at the 5th, 7th, 9th, and 11th harmonics (i.e., n = 5, 7, 9, and 11) during the deposition of real
wastewater on PS and PA surfaces.
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inferred that the influence of organic concentration is greater

than that of ionic strength and Ca2+. This is partially

inconsistent with reports that ionic strength (or Ca2+) increases

the thickness of the adlayer in multiple studies18,21,22,25 based

on distinguishing configurations of multicomponent systems.

As for the mass deposit rate (MDR) of the adlayer on PS, high

ionic strength and organic concentration promoted mass

deposition (L2−3 > L1−3 > HL > L2−1). MDR was based

Figure 3. (a) ΔD/−Δf ratios and (b) thickness and mass deposit rates of the adlayers by the Voigt and Sauerbrey models of the tested samples on
PS and PA surfaces.

Figure 4. Thickness and mass deposit rates of the adlayers versus their fluidities during deposition on (a) PS and (b) PA.
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on the Sauerbrey model, and as Ca2+ was absent in the three
groups of synthetic wastewater listed above, it can be speculated
that the presence of calcium helps to promote the formation of
viscoelastic films on the surface of PS.
A lower zeta potential (smaller absolute value) implies

stronger obstruction of the deposition of real wastewater
solutes on PA (TDR: HL < LL < HH). However, the influence
of zeta potential on depositions of synthetic wastewater was
inconsistent, depending on ionic strength and organic
concentration (Figure 3b). These observations are not
compatible with the results from some studies22,46,55 and
cannot be explained simply by the classic Derjaguin−Landau−
Verwey−Overbeek (DLVO) theory, indicating that deposition
is not only governed by electrostatic double layer repulsion but
also by non-DLVO processes, such as H-bond forces and
electrosteric interactions as discussed above.
3.7. Mechanism of Solute Retention on PS and PA

Surfaces. Owing to the short-range attractive polymeric
interactions initiated by hydrophobic groups,22,26,27 solutes in
wastewater anchor along the surface of PS to form a thin, rigid
film. The addition of calcium enhances solute retention at low
ionic strength and organic concentration due to polymer
bridging and screening of lateral repulsions between adsorbed
polymer molecules, resulting in a thicker and more viscoelastic
film. At high ionic strength and organic concentration, the
effects of electric double layer compression, screening chain-
substrate interactions, and competition of ions for adsorption
sites reduce the remaining thickness on the surface to develop a
denser adlayer. Hydrophilic interactions, H-bond forces, and
electrosteric interactions trigger solutes to stay on the surface of
PA27,46,53−55 and produce a thick, viscoelastic film with high
elastic creep of cross-linked biopolymers. A high organic
composition leads to a high level of extended conformation and
swelling to thicken the adlayer on the surface.17,20,25 The
presence of Ca2+ provides a bridge between negatively charged
biopolymers and improves the extension of colloidal clusters
toward the outside at low ionic strength. Compressed electric
double layer and weakened adhesion toward the interface due
to possible destabilization of colloidal clusters at elevated ionic
strength generally reduce the thickness of the adlayer on the
surface of PA.

4. CONCLUSION
In the context of upgrading wastewater treatment plants around
the world, this study is the first to demonstrate quantification
and control methods for preconditioning model biocarriers
under different water quality conditions and has important
implications for the design of start-up processes for biofilm
formation in attached-growth bioreactors. Our results show that
high organic contents in real wastewater on PS and PA increase
solute deposition compared to the impact of ions. For synthetic
wastewater, the presence of Ca2+ can transform a thin, rigid
adlayer into a denser, viscoelastic one on the surface of PS
under low organic contents; however, a viscoelastic adlayer can
directly form on PS and increase in ionic strength to hinder
deposition in the presence of high organic contents. The
deposition of solutes on PA produces a thicker, viscoelastic
adlayer and can be strengthened under an elevated organic
concentration. Additionally, a weakening effect of Ca2+ on
deposition was revealed under high ionic strength. The results
also reveal that the deposition of soluble pollutants is governed
not only by DLVO interactions but also by non-DLVO
processes.
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