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A natural polysaccharide-based antibacterial
functionalization strategy for liquid and air
filtration membranes†

Ruonan Wu,‡ Mengkai Song,‡ Dandan Sui, Shun Duan* and Fu-Jian Xu *

Filtration membranes are widely applied in medical fields. However, these membranes are challenged by

bacterial contamination in hospitals, which increases the risk of nosocomial infections. Thus, it is significant

to develop antibacterial filtration membranes. In this work, an oxidated dextran (ODex)-based antibacterial

coating was designed and constructed on microfiltration (MF) membranes and melt-blown fabrics.

Polyhexamethylene guanidine (PHMG) was synthesized as an antibacterial agent, and was fixed by ODex

onto filtration membranes. The functionalized MF membranes increased the filtration efficiency for E. coli

from 20.9% to 99.9%, and improved the absorption ratio for endotoxin by 59.1%, while the water flow rate

still remained as high as 5255 L (h m2)�1. Furthermore, the trapped bacteria were inactivated by the

antibacterial coating. For the melt-blown fabrics, the aerosol filtration efficiency was increased from 74.6%

to 81.0%, and the antibacterial efficiency was promoted to 92.0%. The present work developed a facile and

universal antibacterial functionalization strategy for filtration membranes, which provided a new method for

the design and development of various novel antibacterial filtration materials in the medical field.

1. Introduction

Pathogenic microorganisms extensively exist in air and water,
which threaten the health of humans.1–3 To defend the threats
of such pathogens, filtration technology is an efficient method
to eliminate the contaminants, such as solid particles and
aerosols.4,5 In particular, filtration membranes are widely used
in the medical field, such as filtration sterilization, liquid
transportation, sewage treatment, and air purification.6–9

Furthermore, masks and other personal protective equipment
(PPE) have played essential roles in fighting the epidemic of
Coronavirus Disease-19 (COVID-19) for the past two years.10 The
filtration membranes are commonly manufactured by inert poly-
mers, such as polyether sulfone (PES), polypropylene (PP), poly-
vinylidene difluoride (PVDF), and nylon.11–14 These polymers could

entrap the particles with retention effects by electrostatic absorp-
tion or the openings whose sizes are smaller than the particles.
However, traditional polymer filtration membranes only work by
physical retention effect. The retained pathogenic particles, such as
bacteria, are still active on the surface of the filtration membrane,
which may induce secondary contamination and cause harm to the
health of the users.15,16 Therefore, it is necessary to develop
filtration membranes with high antibacterial efficiency.

Because the retained bacteria contact with the surface of the
filtration membrane, antibacterial functionalization on the
surface is a promising strategy to solve the problems of bacterial
contamination. Compared with the bulk modification of the
filter membrane, the surface functionalization strategy shows
great advantages.17 In the bulk modification of the material, it is
often necessary to introduce other functional substances into the
raw material, and it is necessary to take many issues into
account, such as compatibility between matrices and additives,
mechanical properties, and processability. On the contrary,
surface functionalization only introduces a layer of functional
substances on the surface of the filter membrane, thereby giving the
surface new properties, which will hardly affect the
mechanical properties of the material itself. The continuous devel-
opment of surface modification technology provides
unlimited possibilities for the development of multi-functional filter
membranes, and enriches the application fields of filter materials.

By introducing antibacterial components onto the surface,
the antibacterial properties could be improved. Poly(ethylene
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glycol) (PEG) and tannic acid–reduced gold nanoparticles
(Au@TA NPs) were modified on the polydimethylsiloxane
(PDMS) surface for better photothermal and antifouling
performance.18 Meanwhile, PDMS was deposited by TA–Ag
NPs to achieve the antibacterial goal.19 An N-halamine
polymeric coating was modified on a titanium surface for long-
lasting renewable antibacterial efficacy with good stability and
biocompatibility.20 P(DMAMS-co-PFDA) would be a promising
anti-pathogenic polymeric coating on a polyester textile.21

In addition, many antimicrobial modification strategies of the
membranes have been reported. Polyethyleneimine was used to
enhance the antimicrobial and filtering performances of PES
filtration membranes by physical absorption.22 By pad-dry
technique, N-halamine-coated PP nonwoven fabrics were
prepared, which showed high antibacterial property.23 However,
such noncovalent functionalization methods could not provide a
stable antibacterial surface, and the detached antibacterial
components would shorten the lifetime of the antibacterial
activity and be harmful to the users, especially in PPE. To improve
the stability of the antimicrobial activity, many covalent bonding-
based techniques are well developed, such as surface-initiated
polymerization and surface coupling.24,25 Antibacterial MF
membranes could be prepared by surface-initiated grafting
polymerization and quaternization reaction of 4-vinylpyridine.26

Silver nanoparticles were coupled onto the surface of the PES
membranes by plasma treatment, which improved the antibacterial
property and was applied for MF of milk.27 By a layer-by-layer thiol–
ene click reaction, the hydrogel coating could be constructed on the
surface of the MF membrane for antimicrobial functionalization.28

Nevertheless, facile and universal strategies for the antimicrobial
filter membranes are still to be further developed. Polysaccharides,
a kind of environment-friendly materials, have a wide range of
sources and varieties, and the rich reactive functional groups
provided plentiful sites for further chemical modification, which
have been widely studied in biomedical materials.29–33 Based on

these previous works, antimicrobial functionalization of filtration
materials with polysaccharide derivatives is a promising
bioinspired surfaces engineering concept.

In this work, we developed a polysaccharide-based surface
modification strategy for the antimicrobial functionalization of
filter membranes (Scheme 1). PES membranes for water
filtration and PP melt-blown fabrics for gas filtration were
selected as representative filter membranes in the medical field.
To introduce amino groups on the surface of the membranes, a
silane coupling agent, 3-aminopropyl triethoxysilane (APTES),
was applied. Then, oxidized dextran (ODex) was anchored
through Schiff base bonds as the macromolecular backbone to
prepare PES–ODex and PP–ODex. The antibacterial agent, poly-
hexamethylene guanidine (PHMG), was grafted onto the surface
containing aldehyde groups through Schiff base bonds to obtain
an antibacterial functionalized surface, PES–ODex–PHMG and
PP–ODex–PHMG. Through the bacterial filtration experiment in
the water environment, the PES filter membrane’s ability to filter
bacteria was evaluated. The surface antibacterial experiment was
used to explore the membrane’s ability to kill bacteria. In
addition, the endotoxin adsorption experiment was used to
evaluate the membrane’s ability to adsorb endotoxin. We also
evaluated the bacteria filtration efficiency (BFE) against aerosols
through the filtration experiment, which explored the ability of
melt-blown cloth to kill bacteria. The present work provided a facile
and universal method for the antimicrobial functionalization of
filter membranes.

2. Results and discussion
2.1 Physical and chemical characterizations

PHMG was synthesized with guanidine hydrochloride and
hexamethylene diamine (Fig. S1, ESI†). The chemical structure
of PHMG was confirmed by 1H NMR spectrum with the solvent

Scheme 1 The design strategy for the antimicrobial functionalization of filtration membranes.
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of DMSO-d6 (Fig. S2, ESI†). The peak at the chemical shift of
6.5–8.5 ppm was attributed to –N�H– and –CQN�H2

+. The peak at
3.15 ppm was attributed to –C�H2–NH–. The peak at 1.46 ppm
was attributed to –C�H2–CH2–NH–. Finally, the peak at 1.31 ppm
was attributed to –CH2–C�H2–CH2–. The 1H NMR results proved
the successful synthesis of the PHMG. The antibacterial
efficiency of PHMB was tested by minimal bactericidal concen-
tration (MBC) method (Fig. S3, ESI†). After co-culturing
different concentrations of PHMG and bacteria with a bacterial
density of 108 CFU mL�1 for 12 h, it was found that PHMG with
the concentrations above 0.125 mg mL�1 could completely kill
E. coli (ATCC 25922). The MBC against S. aureus (ATCC 25923)
was 0.5 mg mL�1. These results demonstrated that PHMG had
excellent ability to kill Gram-negative bacteria and Gram-
positive bacteria. At the same time, it was found that PHMG
had a better ability to kill E. coli than S. aureus. PHMG killed
bacteria by destroying the integrity of the bacterial cell
membrane, and it also caused changes in the permeability of
the bacterial surface and inhibited the activity of bacterial
enzymes.34 The effect of PHMG on the enzymes in E. coli was
greater than that on S. aureus, which might be the reason why
PHMG had better antibacterial properties against E. coli.35 Due
to its excellent antibacterial property and rich amino groups for
Schiff base reactions, PHMG was selected as the antimicrobial
component for surface functionalization of filter membranes.

The ratio of aldehyde groups in ODex was determined by
hydroxylamine hydrochloride-potentiometric titration according
to the hydroxylamine hydrochloride-potentiometric titration
curve and the first-order differential curve (Fig. S4, ESI†). The
aldehyde groups on ODex reacted with hydroxylamine

hydrochloride to generate oxime and released HCl at the same
time.36 Based on Fig. S4 (ESI†), the degree of hydroformylation of
ODex was calculated as 70%, which suggested that there were
about 1.4 aldehyde groups on each glucose unit. At this feed
ratio, the theoretical degree of hydroformylation was 90%.
Therefore, the degree of reaction was calculated as 77%.
Due to the high degree of hydroformylation, the abundant
number of aldehyde groups provided rich reaction sites for the
aminated surface, which was beneficial for the chemical grafting
of ODex. At the same time, ODex acted as a macromolecular
skeleton, and the rich aldehyde groups provided a large number
of reaction sites for the amino groups of the antibacterial
agent, PHMG.

The physical and chemical properties of functionalized PES
membranes were first characterized. The morphologies of PES
and PES–ODex–PHMG were observed by scanning electron
microscope (SEM). Compared with the pristine PES membrane,
the functional coating had not plug up the pores (Fig. 1a). This
result showed that the grafted macromolecule, ODex, and small
molecule antibacterial agents, PHMG, did not have a significant
impact on the surface structure of the MF membrane. Furthermore,
the functionalization process did not cause the pore blocking
phenomenon of the MF membrane, which did not have negative
effects on the filtration function of the MF membrane.

In order to prove the introduction of amino groups, aldehyde
groups and PHMG, the surface zeta potential of each sample was
tested (Fig. 1b). The zeta potential of PES was nearly neutral. After
APTES treatment, the potential increased to 40 mV, showing a
higher positive potential. This was due to the introduction of
–NH2 on the surface of the MF membrane. For comparison with

Fig. 1 (a) SEM images of PES and PES–ODex–PHMG; (b) surface zeta potentials of the pristine and functionalized MF membranes; porosity (c), density
(d) and XPS wide-scan spectra (e) of the pristine PES and functionalized samples.
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the macromolecular skeleton, ODex, a small molecule aldehyde,
glutaraldehyde (GA), was taken as a control. The potential
decreased to about 5 mV after grafting ODex, which was due to
the introduction of aldehyde groups on the surface. In the ODex
group, a large number of aldehyde groups reacted with –NH2

through the Schiff base reaction, which reduced the positive
charge. The zeta potential of PES–ODex–PHMG rose sharply to
about 70 mV, because the strong positively charged guanidine
groups were introduced to the surface. On the contrary, the zeta
potential of PES–GA–PHMG was about 30 mV, which showed that
GA, as a small molecule, was less efficient for the surface grafting
of PHMG than the macromolecule, ODex.

The porosity of the MF membrane before and after the
functionalization was determined by weighing method
(Fig. 1c). Compared with the pristine PES membrane (61.3%),
the porosity of PES–GA–PHMG (63.5%) and PES–ODex–PHMG
(67.8%) were both slightly increased. The increase in porosity
might be due to the hydrophilicity of PHMG. PES–ODex–PHMG
exhibited a higher porosity than PES–GA–PHMG, because the
ODex provided more reaction sites for PHMG than GA. In
addition, when measuring the dry masses of the functionalized
PES membranes, it was found that the masses were higher than
that of the pristine PES membranes (Fig. 1d). This result was
attributed to the grafted components. Compared with pristine
PES, the mass of PES–GA–PHMG increased by 3%, while the
mass of PES–ODex–PHMG increased by 14%. This result

further illustrated that with the natural polysaccharide
derivative, ODex, as the macromolecular skeleton, PHMG has
a higher grafting density onto the surface of the MF membrane.

To further analyze the chemical property of the samples,
X-ray photoelectron spectroscopy (XPS) was used to character-
ize the element contents of the surface of PES, PES–ODex and
PES–ODex–PHMG (Fig. 1e). The XPS spectra are shown in
Fig. 1e, and the ratio of each element is listed in Table S1
(ESI†). Compared with PES, the O element content on the
surface of PES–ODex increased from 15.31% to 28.14%, which
proved the successful introduction of ODex. Furthermore, the N
element content on the surface of PES–ODex–PHMG increased
from 2.98% to 8.03% compared with PES–ODex, which demon-
strated the successful introduction of PHMG. The results of
the physical and chemical characterization proved that the
antibacterial component, PHMG, was grafted onto the surface
of the PES MF membranes with a high density.

Through a similar strategy, surface functionalization of PP
melt-blow fabrics was performed. The SEM images showed that
the surface morphology of PP–ODex–PHMG did not change
significantly, indicating that the fiber structure of the melt-
blown fabrics was not significantly damaged (Fig. 2a). Because
the advantages of ODex over GA had been demonstrated on the
surface of the PES MF membranes, the GA was not studied in
the PP melt-blown fabrics. The surface potential of PP–APTES
increased from �2.1 mV to 26.7 mV after oxygen plasma and

Fig. 2 (a) SEM images of the PP melt-blown fabric and PP–ODex–PHMG; (b) surface zeta potentials of the pristine and functionalized melt-blown
fabrics; (c) XPS spectra of the pristine and functionalized melt-blown fabrics.
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APTES treatment, which was due to the successful introduction
of amino groups on the surface (Fig. 2b). Then, the surface
potential of PP–ODex decreased to �1.2 mV, owing to the
introduction of ODex. Finally, the surface potential of PP–
ODex–PHMG increased to 34.4 mV, because PHMG was
successfully grafted onto the aldehyde-based surface, and the
guanidine groups provided a higher positive surface zeta
potential. Compared with PP, the O 1s peak in the PP–ODex
spectrum greatly increased, which corresponded to the increase
in the content of O from 1.46% to 9.15% (Table S2, ESI†). This
was due to the successful grafting of a large amount of ODex on
the surface. After PHMG was grafted, the peak of N 1s at about
400 eV increased, and the N element content increased from
7.58% to 17.46%. A core-level spectrum of the carbon element
showed that a new peak appeared at the binding energy of
286.7 eV in the PP–ODex group, which was attributed to the
CQN bond in the Schiff base structure (Fig. 2c). Compared with
PP–ODex, PP–ODex–PHMG had a new peak at 289.0 eV, which
was the signal of the CQN bond in the guanidine group of
PHMG, which proved that ODex and PHMG have been success-
fully introduced to the surface. These results demonstrated that
PHMG could be introduced onto the surface of various types of
filtration materials with a high density by the ODex-based
strategy.

2.2 Filtration and antimicrobial properties of functionalized
PES MF membranes

To test the water flow rate of PES MF membranes in the
filtration process, a dead-end filter device was used to filter
1 kg of deionized water under gravity. Before and after the
functionalization, the average water flux of the MF membrane
was increased from 4093 L (h m2)�1 to 5255 L (h m2)�1 (Fig. 3a),
which was attributed to the increase in porosity of the PES–
ODex–PHMG MF membrane (Fig. 1c).

The pore size of the MF membrane directly affects the
filtration efficiency, and the most direct method to increase

the filtration rate is to increase the pore size of the MF
membrane. However, when the pore size of the MF membrane
exceeds the size of the bacteria, the MF membrane will lose its
physical retention ability for microorganisms. Under this
condition, when strong positively charged functional groups
are introduced on the surface of the MF membrane, the
negatively charged bacteria and other microorganisms will be
adsorbed to the surface of the MF membrane by electrostatic
interaction, which will obtain a high filtration rate without loss
of the filtration performance.37 To evaluate the filtration perfor-
mance against bacteria, PES, PES–GA–PHMG and PES–ODex–
PHMG were used to filter the E. coli suspension at the bacterial
density of 4 � 105 CFU mL�1 under the driving force of gravity.
The pristine PES could filter only 20.9% of the bacteria (Fig. 3b).
Compared with PES, PES–GA–PHMG and PES–ODex–PHMG
have significantly improved the filtration efficiency against
E. coli, and the filtration efficiencies were increased to 65.2%
and 99.9%, respectively. PES–ODex–PHMG showed higher
filtration efficiency against bacteria than PES–GA–PHMG, which
was attributed to the fact that ODex provided a large number of
reaction sites. The macromolecular skeleton, ODex, enabled
PHMG to be grafted to the surface of the MF membrane at a
high density and promoted the filtration performance.

In order to further confirm the ability of the PES–ODex–
PHMG to remove E. coli with different bacterial densities, the
maximum filtration capacity of the PES–ODex–PHMG MF
membrane was tested using a circular filtration method within
6 min (Fig. 3c). As the density of bacteria increased, the
filtration efficiency of PES–ODex–PHMG against bacteria
gradually decreased (Fig. 3d). Below 106 CFU mL�1, PES–
ODex–PHMG had an excellent filtering efficiency that was higher
than 99.1%. Moreover, the amounts of intercepted bacteria were
augmented with the increasing bacterial density, which showed
that the ability of PES–ODex–PHMG to intercept bacteria was not
affected by the high bacterial density (Table S3, ESI†). The
decreased filtration ratios might be that when high-density

Fig. 3 (a) Water fluxes of PES and PES–ODex–PHMG; (b) filtration efficiencies of PES, PES–GA–PHMG and PES–ODex–PHMG against E. coli driven by
gravity; (c) illustration of the circular filtration device; (d) 6 min-cyclic filtrations against E. coli suspension with different bacterial densities by PES–ODex–
PHMG; (e) 1 h-cyclic filtration against E. coli suspension at the bacterial density of 108 CFU mL�1 by PES–ODex–PHMG.
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bacteria passed through the MF membrane, it exceeded the
instantaneous capture capability of the MF membrane. In order
to verify this conjecture, the cycle filtration time of PES–ODex–
PHMG was extended to 1 h. As shown in Fig. 3e, the filtration
efficiency was increased to 80.1%. This result showed that the
filtration efficiency of PES–ODex–PHMG was still increasing as
the filtration time increased, even being challenged by high-
density bacteria.

The abovementioned results had verified that the PES–
ODex–PHMG membranes had good adsorption and interception
effects on bacteria. Nevertheless, the intercepted bacteria might
induce secondary contamination if they were not inactivated.38

Therefore, the bacteria on the surface of MF membranes were
observed by live/dead staining. After circulating and filtering the
E. coli suspension at the density of 106 CFU mL�1 with the MF
membrane for 1 hour, the MF membranes were stained with the
PI/SYTO 9 staining agent (Fig. 4a). There were almost no bacteria
on the PES surface because PES has no adsorption and inter-
ception effects on bacteria. On the contrary, more bacteria were
observed on the surface of PES–ODex–PHMG. Statistical analysis
shows that the proportion of dead bacteria on the surface of
PES–ODex–PHMG was 47%, which indicated that PES–ODex–
PHMG could inactivate the intercepted bacteria (Fig. 4b). This
result indicated that PES–ODex–PHMG could inhibit the growth
of bacteria during the serving process, which could alleviate
microbial contamination.

In the field of medical and healthcare, since the materials
will directly or indirectly contact with the human body, the
antimicrobial agents should not be released from the matrix.
Therefore, the stability of PES–ODex–PHMG was verified
through the inhibition zone test. On the solid culture media
of E. coli and S. aureus, PES–ODex–PHMG had no inhibition
zone (Fig. 5a), indicating that the antibacterial mechanism of
PES–ODex–PHMG was a non-leaching property, suggesting
that PHMG would not be released from the surface. To test
the long-term stability, PES–ODex–PHMG was soaked in water
for 60 d and used in a filtration experiment against E. coli under
gravity. The result showed that soaking in deionized water for
two months did not affect the filtration efficiency of PES–ODex–
PHMG, which demonstrated that PHMG was firmly grafted on
the surface (Fig. 5b). Furthermore, the stability of PES–ODex–

PHMG was also determined by ultrasonic washing (Fig. 5c).
The result indicated that PES–ODex–PHMG had a very high
filtration efficiency (99.8%) against bacteria under a high
bacterial density of 108 CFU mL�1 after ultrasonic washing.
These results demonstrated the high stability and durability of
PES–ODex–PHMG.

In addition, water may be contaminated by other micro-
organisms, such as algae.39 In order to verify the effect of PES–
ODex–PHMG on the removal of algae, alga filtration experiments
were performed. In this experiment, PES–ODex–PHMG was
constructed on the PES filtration membrane with the pore size
of 10 mm. The photos of filtered algal suspensions showed that
the water was clear after filtration by PES–ODex–PHMG, while
the suspension filtered by PES still remained green (Fig. 6a).
A large amount of chlorella (FACHB-8) was observed on the
surface of PES–ODex–PHMG (Fig. 6b). Compared with PES, the
OD 450 of the filtrate in the PES–ODex–PHMG group was
reduced from 0.6 to 0.02, indicating that PES–ODex–PHMG
had excellent filtration ability against chlorella (Fig. 6c). This
result proved that PES–ODex–PHMG could efficiently remove
other microbes beside bacteria, such as algae.

Moreover, the endotoxin produced by bacterial metabolism
is an important pollutant to water.40 Therefore, it is significant
to remove endotoxin from the water. For this purpose, the
endotoxin absorption test was performed (Fig. 7a), taking
lipopolysaccharide (LPS) as a representative endotoxin. The
LPS absorption efficiency of PES–ODex–PHMG reached 59.5%
(Fig. 7b). Compared with PES, PES–ODex–PHMG could significantly
improve the absorption efficiency of LPS. The improvement of the
endotoxin adsorption efficiency of PES–ODex–PHMG was mainly
because the positively charged surface could adsorb negatively
charged endotoxin through electrostatic interaction.

2.3 Filtration and antimicrobial properties of functionalized
PP melt-blown fabrics

PP melt-blown fabrics are widely used for manufacturing PPEs,
such as masks. Therefore, it is necessary to determine the
filtration efficiency against bacterial aerogel. By counting the
bacterial colonies on the sampling plates of the Anderson
cascade impactor, the BFE of PP and PP–ODex–PHMG was
calculated (Fig. 8a). The BFE of PP–ODex–PHMG against

Fig. 4 (a) CLSM images of the bacteria on the surfaces of PES and PES–ODex–PHMG; (b) quantitative statistical data of the bacteria (#1 = PES, #2 =
PES–ODex–PHMG).
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bacterial aerosols increased from 74.6% to 81.0% (Fig. 8b). This
was due to the positive charge of the surface of PP–ODex–
PHMG. The purpose of the surface functionalization on the
melt-blown fabrics is to impart a higher positive potential on
the surface. Therefore, the aerosol particles containing bacteria
could be adsorbed and intercepted by electrostatic interaction,
which could alleviate the microbial contamination in air and
protect the respiratory safety of users.41

More importantly, the microbes on the PP melt-blown
fabrics would threaten the health of users.42 Thus, the

bactericidal property is essential for the air filtration membranes.
The CLSM images of the bacteria on the surface of the melt-blown
fabrics were analyzed. After staining with PI/SYTO 9 staining
agent, the dead and alive bacteria were observed by red and green
fluorescence, respectively (Fig. 9a). Most of the bacteria on the PP
surface were live, which indicated that the pristine PP did not
have any microbicidal property. After surface functionalization,
the ratio of the dead bacteria on PP–ODex–PHMG increased from
17.8% to 92.0% (Fig. 9b), which showed that bacteria on the
surface of PP–ODex–PHMG were significantly inactivated. These

Fig. 5 (a) The inhibition zones of PES and PES–ODex–PHMG; (b) filtration efficiency of PES–ODex–PHMG driven by gravity after being soaked in water
for 60 days; (c) filtration efficiency of PES–ODex–PHMG driven by gravity after being washed by ultrasonication.

Fig. 6 Filtration experiments for chlorella: (a,b) the status of the pristine and modified MF membranes after filtration; (c) OD 450 of the filtrate.
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results demonstrated the enhanced filtration and microbicidal
properties of PP–ODex–PHMG, which was beneficial for air
filtration under the condition of the microbial aerogel.

3. Conclusion

In this work, we developed a facile and universal strategy of
surface antimicrobial functionalization of two typical filter
materials in the medical and healthcare fields. Based on

natural polysaccharides, the ODex macromolecular skeleton
was constructed on the surface of the filter materials, and an
effective antimicrobial agent, PHMG, was covalently grafted on
the surface at a high density through Schiff base bonds. By this
strategy, stable antibacterial filter materials with high filtration
efficiency were fabricated. PES–ODex–PHMG could intercept
bacteria and algae in the liquid media, inactivate absorbed
microbes, and reduce the amount of endotoxin. PP–ODex–
PHMG increased the protection performance against bacterial
aerogels, and showed good bactericidal property. The present

Fig. 7 (a) Standard curve of endotoxin; (b) adsorption capacity for LPS of PES and PES–ODex–PHMG.

Fig. 8 (a) Colonies on each level of the Anderson cascade impactor; (b) BFE of PP and PP–ODex–PHMG.

Fig. 9 (a) CLSM images of the bacteria on the surfaces of PP and PP–ODex–PHMG; (b) ratio of dead/live bacteria (#1 = PP, #2 = PP–ODex–PHMG).
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work is based on the research of bioinspired surfaces engineering,
and obtained water filtration and air filtration materials with good
filtration effect and antibacterial efficiency, which provides a new
strategy for fighting with antimicrobial contamination in the
medical and health field.

4. Experimental Section

The detailed experimental methods are described in the
Supporting Information.
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