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1. Chemical structures of Target EOCs and Polyethersulfone-polyvinylpirrolidinone fibers
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Figure S1. Molecular structure of the target EOCs and of the Versatile PES® polymeric components.

2. HF-GO cartridges preparation

GO powder (Abalonyx) was suspended in milliQ water (2mg/mL) and sonicated for 4 h. A volume of
5ml of GO suspension was filtered through PES cartridges (in-out or out-in configuration) then the
cartridge was kept in oven at 80°C for 12 hs to give samples HF-GOo/i 1% (total weight of PES in the
cartridge is about 700 mg). After cooling to room temperature, the filtration/fixation sequence was
repeated a few times to give HF-GOo about 5% w/w (two further filtration/fixation cycles, for a total
of three) and about 10% w/w in GO respectively (five further filtration/fixation cycles, for a total of
Six).

Cartridges nomenclature is:

HF-GO1le (out 1% GO),

HF-GO1i (in 1% GO),

HF-GO5e (out 5% GO),

HF-GO5i (in 5% GO),

HF-GO10e (out 10% GO),

HF-GO10i (in 10% GO).



3. Coating stability, filtered water potability
250 ml of tap water were filtered through a HF-GO5i cartridge (15ml/min).
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Rizultati analitici
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Table S1. Chemical potability parameters of filtered tap water (municipal Bologna network).
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Figure S2. UV spectra of milliQ water filtered on HF-GO5e cartridge compared to calibrating solutions
of GO.



4. Optical microscopy

HF-GO fibers were extracted from the cartridges and some cut samples (length about 1 cm) were put
on a slide. Surface and section of the fibers were evaluated through optical microscopy under white
light illumination with a Nikon Eclipse 80i microscope. Digital images were captured at 40x

magnification with a Nikon camera (Digital Sight DS-5M) at a resolution of 1600 x 1200 pixels.

Figure S3. Optical microscopy of a) commercial PES (Versatile PES®), b) HF-GO1e, c) HF-GO5e and d)
HF-GO10e. Bar size: 800 um.



5. Scanning Electron Microscopy (SEM)

L

1

100 pm

Figure S4. SEM images (at 1KV) of HF-GO1le (a,b)- HF-GO5e (c,d), HF-GO10e (e, f) at different
magnification.



6. Micro-Raman
Micro-Raman spectra in the 1000—1800 cm™ range were recorded in the unpolarized backscattering
geometry through a Renishaw 1000 system (50x microscope objective) using the He-Ne excitation

wavelength (632.8 nm).
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Figure S5. A) Optical microscope image of HF-GO10e cross section. Red dots indicate the Raman
measurement points |) external wall; II) 5um from the external wall; Ill) centre of the wall. B) Raman
spectra of HF-GO1e collected, as indicated in figure S5, in different point of the HF-GO wall. The
spectra have been renormalized with respect to the intensity of the PES Raman band at 1535 cm™™.
Raman PES peak at 1535 cm™is more intense in the uncoated inner region.



7. XRD analysis
The fibers were extracted from the cartridges and dried over night for 2h at 80°C before the analysis.
The same treatment was performed on cartridges already used for filtering 250 mL of solution 5mg/L
of oflox, ciproflox and RhB contaminants.
The analysis of cartridges already used for filtering 250 ml of solution 5mg/L of oflox, ciproflox and
RhB contaminants,
PANalyticalX'Pert Pro X-ray diffractometer with nickel-filtered Cu Ka radiation and fast X’'Celerator
detector was used for recording the powder X-ray diffraction (XRD) patterns of all samples. Scherrer
equation was used to calculate the crystal size (length of coherent domains):

L= (K*\) / (B*cosB) (S1)
where L is a measure of the dimension of the particle in the direction perpendicular to the reflecting
plane, A is the X-ray wavelength, K is a constant (here, taken as 1), B is the peak width; and @ is the

scattering angle. !

Table S2: crystal size (L) calculated from width of the 0 0 1 peak (FWHM) by Scherrer
equation, and estimated number of GO layers (d=0.84 nm), rounded to closest unit.

FWHM (°) L (nm) GO layers
HF-GO1le 1.2240.05 7.320.3 9
HF-GO5e 1.43+0.05 6.2£0.2 7
HF-GO10e 1.7540.05 5.1+0.1 6
GO 0.66%0.03 13.5+0.6 16

8. Water permeability test

Pumping osmotic ultrafiltered water at room temperature in a pressurized tank performed pure
water permeability of the GO-coated cartridges. Filtration was performed in dead-end mode;
pressure values were recorded at filter inlet with a pressure transducer and permeate was collected
for 1 min and weighted. The effective membrane filtrating area of modules was 0,016 sgm. Three
pressure values (between 100 and 300 mmHg) and three permeates were collected for each sample.

Water permeability (or filtration coefficient) was then calculated as:



Kf = Quf (ml/min)
~ AP (mmHg) x A(sqm) (S2)

The average of the 3 values for each sample was reported as filtration coefficient.

9. Gas Permeability test

Air permeability tests were carried out on the complete set of membrane modules aiming at an
indication of the resulting porous structure of the PES membrane system after coating by GO
dispersions. Tests are carried out with dry compressed air at room temperature (20°C) and
considering atmospheric pressure on the downstream side of the membrane. The measurements
involved the determination of pressure drop given by the membrane systems by a differential
manometer (resolution 0.1 mmH,0), at constant flow rate obtained by a flow meter. The measured
air permeance (or Transfer rate T.R.) of the coated membranes, or permeability of the GO layer only,
provides an indication of the obtained structure, together with an estimation on the blocking effect
given by the deposited GO layers. Interestingly, the results are not affected by any specific water/GO
interaction, or even swelling effect on the GO stacking.

Gas permeance (T.R.) is obtained from the measured volumetric flux 18 and the pressure drop:
A
B=& L TR £ (s3)
RT A

The results allowed the determination of the membrane permeance values reported in Table S3. As
one can see, the transmembrane flux decreases significantly due to the presence of the GO coatings,
and the more GO is deposited, the lower is the permeance. A large difference can be observed
between membranes coated in the inner or in the external fiber layers, and it is very significant
especially for lower concentration coatings; in particular, air permeance in HF-GO1i resulted to be 2
orders of magnitude higher than that in HF-GO1le, as a consequence of an incomplete coverage of
the PES membrane fibers. The difference, however, disappears at the highest concentration, for

which the air permeance becomes comparable.
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Figure S6. Air permeance in GO coated membranes.

Relevantly, based on the amount and the concentration of graphene oxide dispersion employed, it is
possible to evaluate the average coverage of the membrane as mass of GO deposited per unit area.
Furthermore, relying on literature data for stacked GO layers in graphene oxide paper, pgo = 1.8
g/cm3, 2 an effective thickness value for the coating layer has been determined and also included in

Table 1.

Table S3. Air permeation properties in the coated membranes

grammage | eff. thick. | permeance GO Des
[g/m?] (um] [mol/(s  m? | permeability [M?/s]
Pa)] [mol/(m s Pa)]

neat PES - - 3.5-10% - -
HF-GO1i 0.89 0.5 1.5-10* 1.4-101° 3.4-107
HF-GO5i 2.66 1.5 2.6-10° 43101 1.1-107
HF-GO10i 5.32 3.0 2.4-107 7.5-1013 1.8- 107
HF-GO1le 0.68 0.7 3.1-107 1.1-101 2.5-10®
HF-GO5e 2.03 2.0 8.6 107 7.6-101 1.9-10°
HF-GO10e 4.06 4.1 1.2-107 2.2-10713 5.3-1010




From simple resistance in series and relying on the estimated thickness, it is possible to evaluate the
intrinsic (air) permeability of the GO coating only, assuming a uniform thickness (/5o) of such coating
on top of the microfiltration PES membrane.

1 U oo

-~ (S4)
TR. TR, P,

Results obtained are also included in Table S3.

The resulting gas permeabilities can be interpreted from a phenomenological point of view, aiming
to retrieve some information about the coating structure. Based on XRD measurements, the
interlayer distance in the GO has been determined equal to d = 0.89 nm, which suggests a Knudsen
diffusion mechanism in the GO coating (K, > 10) to describe air molecules transport. The interlayer
distance is expected to be the narrowest pore in the structure, and it is expected to be the controlling

resistance. In these conditions, one can evaluate the diffusion coefficient from:

d |8RT
e (S5)
Y3\ M,
Therefore, Knudsen diffusivity in the slit results Dy = 4.1 - 107 m?/s.
D, =P-RT (S6)

The calculated effective diffusion coefficient, included in Table S3, compared with the value of Dy in
the GO slit, is very explicative in the understanding of the transport mechanism occurring in the GO
coating, thus providing an idea about the coating structure.

The calculated diffusion coefficients at the lower concentration value (1%) are very large and not
compatible with a Knudsen diffusion, and such effect has to be ascribed to an incomplete coverage
of the hollow fibers, likely due to imperfect deposition in the small interstices. This is indeed apparent
not only for HF-GO1i and HF-GO1e, but also for HF-GO5i. From simple calculations, one can obtain
that about 44% of the surface of is not covered in the HF-GO1i membrane, such that a negligible
barrier effect can be associated to that portion of the area. Indeed, the deposition of well-staked and
overlapped GO layers leads to a significant barrier effect, definitely not comparable with the T.R.
associated to a microporous membrane. Similarly, HF-GO1le and HF-GO5i can be considered as not
fully covered, with about 9% and 5%, respectively, of uncovered surface.

The other membranes with a thicker coating (HF-GO5e, HF-GO10e and HF-GO10e) shows an effective
diffusion coefficient significantly lower than Dy, and basically of the same order of magnitude,

between 10° and 8 - 101° m?/s. That represents a clear indication that these structures are basically



equivalent (only thicker at the higher concentrations) and large by-passing holes are not present and
there exists only a compact layer of GO sheets. The quite low value of Dgx/Dy, in the order of 1073,
reveals that diffusing molecules are forced to travel around the GO sheets, thus leading to a tortuosity
effect that depends on the in-plane distance between two near GO sheets and the intrinsic aspect

ratio of the 2D materials.

10. BSA Filtration experiments and analytical method

Bovine serum albumin (BSA, 66KDa) was supplied by Sigma-Aldrich and used without any further
purification. 10 mL of tap water solution of BSA (10 g/L) were loaded on a syringe and manually
pushed into HF-GO cartridges with different GO content as well as a PES cartridge for comparison.

The eluate was analysed by HPLC in order to evaluate BSA removal.
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Figure S7. BSA removal efficiency by filtration on PES and HF-GO cartridges.

HPLC analyses were performed on a Dyonex Ultimate 3000 system equipped with a diode array
detector. 0.5 mL samples were used as sources for the automated injection. LC-MS grade acetonitrile
was purchased from Sigma-Aldrich in the highest available purity and were used without any further
purification. Ultrapure water (resistivity 18.2 MQ/cm at 25 °C) was produced in our laboratory by
means of a Millipore Milli-Q system. The chromatographic separation was performed on a reverse
phase Zorbax C8 column 4.6 x 150 mm, 5 um, at flow rate of 1.0 mL/min, detection at A 285 nm
(details in table S4). In all experiments the removal of BSA was determined by comparison with that
of the initial untreated solution. The results are expressed as the mean of three independent

experiments £ SD.



Time (min) H,0 (0.05% | Acetonitrile RT (min)

trifluoraocetic acid)

0 70 30 2.60
2 20 80
3 20 80
4 70 30

Table S4. LC method for determination of BSA.

Filters were filled with a saline solution before the test. One sample of each type was assayed for in-
out filtration (fig. S8a) and one for out-in filtration (fig. S8b). 10 ml of bovine plasma were loaded on
a syringe and manually pushed into the filter. Three samples of filtrates were consecutively collected
and the amount of TP and BSA was measured in the samples by BT1500 a clinical chemistry automatic

analyzer.
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Figure S8. Filtration efficiency of total proteins (TP) and BSA (4 g/dl) for PES and HF-GO cartidges.
Total proteins in plasma consist of albumin, globulines and fibrinogenes with a total concentration of

6-8 g/dL (60-80 g/L).

11. Nanoparticles filtration

Polystyrene Latex Particles Size 303 nm, (PS 303) conc. 0.1% w/v (Agar Scientific Ltd, UK), 0.1% =
1.000 ppm in water and Size 52 nm (PS 52), conc. 10% w/v (Magsphere Inc., USA), 10% = 100.000
ppm in water were used for determining the cut-off.

The nanoparticles were sonicated for 30 minutes and diluted in mQ water (1:10 PS 303, 1:100 PS52)
and filtered through the cartridges. The concentration of NPs was determined by the absorbance
intensity at 232 nm for the PS 303 and 213 nm for the PS 52, after a routine control of linearity of

absorbance vs known concentration of nanoparticles.3



Figure S9. A) PS303 NPs and b) PS52 NPs suspensions before (left) and after (right) filtration on HF-
GO1i cartridge.

12. Ofloxacin, Ciprofloxacin and Rhodamine B filtration experiments and analytical details

Ofloxacin (OFLOX), ciprofloxacin (Ciproflox), rhodamine B (RhB) were supplied by Sigma-Aldrich and
used without any further purification. LC-MS grade acetonitrile was purchased from Sigma-Aldrich in
the highest available purity and were used without any further purification. Ultrapure water
(resistivity 18.2 MQ/cm at 25 °C) was produced in our laboratory by means of a Millipore Milli-Q
system.

A tap water solution of OFLOX, Ciproflox and Rh B in mixture at 5 mg/L concentration of each
compound was prepared. Filtration experiments were performed on 250 mL of 5 mg/L solution fluxed
at 15 mL/min flow. The fluxed solution was analyzed by HPLC in order to evaluate the removal
efficiency for each EOC.

HPLC analyses were performed on a Dyonex Ultimate 3000 system equipped with a diode array
detector. 0.5 mL samples were used as sources for the automated injection. The chromatographic
separation was performed on a reverse phase Zorbax C8 column 4.6 x 150 mm, 5 um, at flow rate of
1.0 mL/min, detection at A of maximum UV absorption of the selected analyte (details in table S5-6).
In all experiments the removal of analytes was determined by comparison with that of the initial

untreated solution. The results are expressed as the mean of three independent experiments + SD.

Time (min) H,0 (0.05% TFA) ACN
0 100 0
15 30 70
17 0 100
19 100 0

Table S5. LC method for determination of OFLOX, Ciproflox and RhB in mixture.



Compound RT (min) A (nm)

OFLOX 12.30 285
Ciproflox 12.60 285
RhB 18.50 540

Table S6. Retention time and maximum absorption wavelenght of OFLOX, Ciproflox and RhB.

Figure S10 shows the removal efficiency of different chemicals analysed in present work, the removal
efficiency depends from the interaction between GO and adsorbates. The Ciproflox has a better
affinity with GO respect to the OFLOX and Rhodamine B. Figure S11 compares the removal efficiency
of the different EOC studied for HF-GO1e, HF-GO5e and HF-GO1e filters. The removal is close to 90%
only with 10% GO load.
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Figure S10. Removal efficiency for OFLOX, Ciproflox and RhB in case of a) HF-GO1i and b) HF-GOS5i.
Solution with fixed concentration (5 mg/L) and flow (15 mL/min).
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Figure S11. Removal efficiency for Ciproflox (a), OFLOX (b) and RhB (c) for PES and increasing GO
loading in HF-GOe. The cumulative initial mass is obtained with fixed concentration (5 mg/L) and flow
(15 mL/min).

The amount of EOC captured by GO (mgeoc/gs0) Was determined for the sample HF-GO5i by selecting

the EOC mass whit a removal close to 90%. The WWT-P usually operate at sub-ppb concentration of



EOC (Cywt), and the overall efficiency can be intuitively expressed by the volume V of water filterable
by a cartridge: V= M,/C i, Where the M is the total mass of EOC fluxed through the filter. The volume
of filterable water is reported in table S7. The efficiency of different active material should be
compared by the ratio of the removed mass of EOC (Mg) over the mass of active material (Mgg),
higher ratio corresponds to a more performing process. Mg/Mgo ratio has the same units of
monolayer coverage mass (Q.,in mg/g) in Langmuir and BET isotherms, but is a completely different
value, since it is measured out of thermodynamic equilibrium and at extremely low concentrations,

when almost all the adsorption sites are available.

EOC Removal Mi MR MR/MGO CWWt CWWt V=M|/C wwt
% Initial removed  (mg/g) (ppb) (mg/L) (L)
(mg) mass (mg)
Ciproflox 91.6 0.5 0.458 15 0.2 * 0.210°3 2500
OFLOX 81.8 0.5 0.409 14 0.4* 0.4103 1250
RhB 89.1 0.25 0.2228 7 1 1 103 250

Table S7. Values used for the estimation of filterable volume of water (V) by a single filter with a 90%
c.a. of removal. *The C,,,: values were taken from ref. 4.

In order to compare the Mg/Mgo with other materials, like Powdered Activated Carbons (PAC), we
used the data of ref. 4 on pilot WWT-P in Paris, that claims a removal efficiency close to 90% for c.a.
6 million L of water in 6 days with a material cost of 40 Kg of PAC. This means that 0.887 g of ciproflox
was removed (Cywr=0.172 ppb, M;=1.02g) with a Mg/Mpac of c.a. 20 pg/g.

13. Simultaneous filtration of proteins and OFLOX from water and bovine plasma matrixes

A tap water mixture solution of OFLOX and Bovine Serum Albumine (BSA) (50 mg/L and 10 g/L
respectively) was prepared. 50 mL of OFLOX and BSA mixture were loaded on a syringe pump
(Iml/min) into HF-GO cartridges as well as a PES cartridge for comparison. We consider only HF-GOi
cartridges because of the better permeability values. The eluates were analysed by HPLC in order to
evaluate OFLOX and BSA removal. HPLC analyses were performed on a Dyonex Ultimate 3000 system
equipped with a diode array detector following the method previously described (table S4).

Typical chromatograms with estimated removals are shown in fig. S12.
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Figure S12. HPLC profile of OFLOX and BSA removal from water by filtration on PES and HF-GOi
cartridges.

A similar experiment was performed in bovine plasma. Two stock solutions of OFLOX in water at 0.5
and 2 g/L were prepared. Bovine serum (9 mL) was spiked with 1 mL of the proper OFLOX stock
solution to obtain 50 and 200 mg/L OFLOX final concentration. 10 mL of plasma/ofloxacin (50 and
200 mg/L) solution was loaded on a syringe and manually pushed into HF-GO1i. OFLOX was quantified
by HPLC analysis following the method previously described (table S4). Prior to the HPLC analysis the
eluate was treated as following described. 200 pL of the filtered solution was treated with equivalent
amount of a tricloroacetic acid 5% and MeOH solution 3:1. After centrifugation (10000 rpm for 10
min) 3uL of NaOH 0.1% were added then the resulting solution was injected in HPLC. Figure S13 show
the % removal of bovin plasma and total plasma proteins on HF-GO cartridges.

We used as case study HF-GO1i cartridges because of the higher permeability towards protein rich

matrix like plasma.
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Figure S13. Simultaneous removal of BSA, TP and OFLOX from plasma by using HF-GO1i cartridges
(one cartridge for each experiment, three repetitions). TP concentration in plasma is about 5 g/dI,
BSA concentration is 2,93 g/dl.

14. Molecular modelling

To obtain structural information on the effect of ofloxacin intercalation on the spacing of GO layers,
we carried out molecular mechanic studies using Gaussian 16.* UFF force field> was used to describe
GO layers, water molecules and ofloxacin. Charges were assigned to all atoms using the QEq method.®
Initial configurations of the GO nanoflakes were obtained by CSIRO Data Collection.” An initial spacing
of 1 nm was used in the starting GO bilayer structure. Geometry optimizations were performed using

Gaussian 16.°
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