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S1. Confocal micro-Raman spectroscopy 

Table S1 shows the main Raman bands identifying the polymers in the membrane. 

Table S1. Main characteristic Raman bands (cm-1), between 200-2000 cm-1, for Polyvinyl chloride (PVC), the 
ion exchange resin (Purolite® A600/9149), Polysulfone (PSf) and Polyester (PET), identified in the membrane 
Pur-RE [3]. 

PVC Ion exchange 
resin PSf PET Vibrational 

assignments 
638    ν(C-Cl) 
695    ν(C-Cl) 

 720   Ring δ(CH) 
 764 792  Ring breathing 
   858 Ring δ(CH) 
  1109  ν(SO2) 
  1150  ν(C-O-C) 
 1190   Ring ν(CH) 
 1221   Ring ν(CH) 
   1288 ν(C(=O)-O) 

1428    δ(CH2) 
  1589  Ring ν(CC) 
 1612 1609 1616 Ring ν(CC) 
   1727 ν(C=O) 

Fig. S1 shows the µ-Raman spectra identifying different polymers present in the Pur-RE 
membrane. 

  
Figure S1. µ-Raman spectra between 200-2000 cm-1of polyvinyl chloride (PVC), the ion exchange resin 
(Purolite® A600/9149), polysulfone (PSF) and polyester (PET), identified in the membrane Pur-RE. 

S2. Ion-exchange membrane bioreactor (IEMB) experiments 

Fig. S2 shows the measured concentration of nitrite (NO2-) in the feed and in the receiver 
compartments during IEMB experiments.  
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Figure S2. Time course concentration of nitrite ([NO2-]) in IEMB experiments a) feed compartment, and b) 
receiver compartment. Membranes: Pur-RE, Amb-RE, Lew-RE, AMH-PES. 

It can be observed that nitrite was not detected at any time in the feed compartment. In the 
receiver compartment, appearance of the intermediate nitrite trace accumulation was detected (at 
concentrations below 1 mg L-1), which was completely eliminated as the experiment progressed. 

S3. 2D fluorescence spectroscopy. 

PCA including Pur-RE, Amb-RE and Lew-RE and AMH-PES 

Fig. S3 shows the correlation between the first two Principal Components (PCs) obtained from 
the PCA analysis performed including all the tested membranes (Pur-RE, Amb-RE, Lew-RE and 
AMH-PES).  

 

 
Figure S3. Scores for PC1 and PC2 obtained from the PCA of all EEMs of the tested membranes. Side a and 
side b in AMH-PES refers to the membrane surfaces in contact with the feed and the receiver compartments, 
respectively.  

 

With these PCs, two different data clusters can be well differenced, one corresponding to the 
prepared membranes (Pur-RE, Amb-RE and Lew-RE), and another one corresponding to the 
commercial membrane (AMH-PES). Even if those clusters are well divided by the PCs, they are 
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not completely unrelated as the data in both clusters follows a similar direction [4]. Interestingly, 
differences between the coating layer and the PET bottom surface of the prepared membranes 
can be distinguished, as a reflect of the asymmetric membrane structure, confirmed by confocal 
µ-Raman spectroscopy.  

Differences between Pur-RE, Amb-RE and Lew-RE membranes at the PET surface. 

Figure S4 shows the correlation between the first two first PCs of the EEMs obtained at PET 
surface of the prepared membranes in pristine state, after the fouling test, after the chemical 
cleaning treatment and after their use in the bioreactor and a posterior cleaning.  

 
Figure S4. Scores for PC1 and PC2 obtained from the EEMs of the PET surface in pristine membranes, and 
a) membranes after the accelerated fouling test, b) membranes after the chemical cleaning and c) membranes. 
After their use in the bioreactor (i.e., after the IEMB experiments) and posterior cleaning.  

As expected, PCA analyses found similarities between the PET (bottom) surfaces in pristine 
membranes (i.e., PC scores aligned in the same direction), due to the fact that the ion exchange 
resin (different in each membrane) is not present at this side of the membrane (confirmed 
µ-Raman spectroscopy).  

Regarding the alterations of the fluorescence spectra caused by the fouling treatment (Fig S4a), 
it can be stated that HA fouling affects in a greater extent the PET surface of the membranes in 
comparison with the coating layer, which could be attributed to the lower hydrophilicity of the 
PET fabric [5].  

In addition, in Fig S4b it can be observed that the cleaning treatment affected in a similar way 
to all the tested membranes, causing significant alterations on the EEMs of the PET surfaces, in 
respect to the pristine state. 
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Lastly, in Fig. S4c, it can be observed that, as expected, the use of the membranes in the 
bioreactor affected to the fluorescence response of the PET (bottom) surfaces of the membranes 
(in contact with the biocompartment during the experiments). In contrast to the results at the 
coated (top) surface of the membrane, the PET (bottom) surface of Lew-RE membrane shows the 
lowest alteration of the fluorescence response. In this case, the hydrophobic properties of Lewatit 
® Sybron Ionac ® SR-7 ion-exchange resin could lead to the penetration of HA-like compounds 
into the PET side of the membranes and their transport to the coated (top) side. Causing a greater 
alteration at the coated (top) side than at the PET (bottom) side of the membrane.  

S4. Attenuated total reflectance–Fourier transform infrared spectroscopy (ATR-FTIR) 

Fourier transform infrared (FTIR) measurements were carried out using a spectrometer 
(Perkin-Elmer, Waltham, MA, USA) coupled with an attenuated total reflection (ATR) device. 
Sixteen scans were averaged from 4000 to 650 cm-1 and with a resolution of 4 cm-1. The effect of 
the accelerated fouling test and the cleaning treatment on the functional groups of pristine 
membranes was studied. For that purpose, Pur-RE, Amb-RE, Lew-RE and AMH-PES membranes 
in pristine state and after the mentioned treatments were analysed. The membranes were dried 
in an oven at 50ºC prior to the analysis. 

Fig. S5 shows the ATR-FTIR spectra of the analysed membranes in pristine state, after the 
accelerated fouling test, and after chemical cleaning of pristine membranes.  
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Figure S5. ATR-FTIR spectra of studied membranes in pristine state, after the accelerated fouling test and 
after the chemical cleaning treatment cleaning, a) Pur-RE, b) Amb-RE, c) Lew-RE, d) AMH-PES. 

It can be observed in Fig. S5 (a to d) that the ATR-FTIR spectra of the membranes after the 
accelerated fouling test and the chemical cleaning remain unchanged in respect to the pristine 
state. These results indicate that these treatments did not induce significant chemical alterations 
in the functional groups of the membranes. In contrast, the fluorescence responses of the 
membranes were significantly altered, as it was stated by 2D fluorescence spectroscopy analysis 
(sections 3.3 and S3).  
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S5. Estimation of the material cost of the coating layer 

Table S2. Calculation of the price of consumable reagents used in the coating layer for the preparation of 1 
m2 AEM, according to the methodology described in section 2.2. of the manuscript. 

Consumable materials € per unit 
Amount 
per m-2 

AEM 

Price per 
m2 AEM (€ 

m-2) 
Reference 

Organic solvent Tetrahydrofuran 
(THF) 5.36 – 5.43 € L-1 a 0.40 L 2.16 [6] 

Polymer binder Polyvinylchloride 
(PVC) powder 

0.70 – 0.72 € kg-

1 b 0.0198 kg 0.01  [7] 

Anion 
Exchange Resin 

Purolite ® 
A600/9149 6.74 € kg-1 c 0.0361 kg d 0.24 Puroliteº® 

a 36500-3700 yuan per metric ton (data referred to 2021), considering a density of 0.889 kg m-3 (at 25ºC). 
b 835-850 U.S. dollar per metric ton (data referred to 2020-2022). 
c 168.75 € per 25 kg (data referred to 2021).  
d Considering a weight loss of 45% of the product during drying stage before membrane preparation. 
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