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A B S T R A C T

The integration of ultrafiltration (UF) into recirculating aquaculture systems (RAS) is a promising strategy for 
managing organic wastewater contaminants, yet its efficacy is hindered by severe membrane fouling and 
physico-chemical transformation. This study investigates these challenges by evaluating polysulfone (PS) 
membrane under dead-end and cross-flow hydrodynamics. Performance was systematically assessed using 
shrimp feed (SF; 1.5–2.5 g L− 1) and humic acid (HA; 0.2–0.7 g L− 1) as aquaculture-relevant model foulants under 
varied operating pressures. The single-foulant systems were employed to isolate foulant-specific membrane re
sponses under controlled conditions rather than to reproduce the complete physicochemical composition of 
actual RAS water. Pristine and fouled membranes were characterized (MWCO, SEM, FTIR, contact angle) to 
elucidate fouling mechanisms. Post-operation analyses revealed distinct, foulant-specific surface transformations. 
Higher operating pressures were associated with more pronounced time-dependent flux deterioration, particu
larly during SF filtration, whereas HA maintained consistently high rejection across the investigated pressure 
range. Furthermore, Cross-flow operation exhibited higher mean flux than dead-end filtration under the inves
tigated conditions, with the configuration-associated enhancement being particularly pronounced for SF.

1. Introduction

The growth of the aquaculture industry continues to increase which 
simultaneously raises the demand for sustainable aquaculture waste
water management [1,2]. The Recirculating Aquaculture System (RAS) 
is an attractive option for contaminant removal through a series of in
tegrated processes, which results in a reduction in the amount of water 
consumption [3–5]. The primary objective of this process is to eliminate 
any unwanted substances and pathogens for water recycling purposes 
[6–8]. The uneaten feed and the animal excretions need to be minimized 
as both are ammonia contributors in aquaculture systems and are 
harmful to the animals living in the system [9,10].

It is commonly known that organic contaminant in aquaculture 
systems have diverse characteristics and sizes and are distributed 
randomly. Thus, conventional processes such as classification or 
centrifugation may not be effective in handling them [11]. In addition, 
the presence of protein in the system can lead to the formation of col
loids, thus making the coagulation-flocculation process as one of the 

potential techniques to solve this problem [12]. However, it is indis
pensable to minimize additional chemicals in the system. Therefore, the 
membrane filtration process which has no additional chemicals arises as 
an alternative to removing contaminants. Among the variety of pore size 
available, microfiltration (0.1 – 10 μm) and ultrafiltration (0.001 – 
0.01 μm) have the potential to replace the coagulation – flocculation 
process [13]. In addition, nanofiltration and reverse osmosis can also be 
used in aquaculture systems, although both processes generally require 
more energy than microfiltration or ultrafiltration [10,14,15]. Besides, 
Yong et al. have applied membrane distillation in aquaculture systems, 
which showed success in recovering ammonia up to 465 mg L− 1 (~23 
times the initial concentration at around 19.83 mg L− 1) [16]. Simulta
neously, almost all of the ammonia is rejected, resulting in a high sep
aration factor of 148 (only 0.04 mg L− 1 of ammonia is able to pass 
through the membrane).

Despite the advantages, the implementation of membrane processes 
in aquaculture remains limited by several challenges, including (1) low 
membrane selectivity, (2) high operating costs, (3) membrane fouling, 
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and (4) membrane degradation [17]. Among those obstacles, membrane 
fouling is the most difficult barrier to overcome. In addition, various 
factors also affect the occurrence of membrane fouling namely: (1) 
wastewater characteristics, (2) operating conditions, (3) membrane 
properties [18,19].

The membrane properties, such as porosity, tortuosity, hydrophi
licity, surface charge, pore size, and other physical properties, are 
crucial in separation processes. In general, membranes with hydrophilic 
properties are always preferred in aqueous-based separations, which 
cannot be separated from their high surface wettability and anti-fouling 
ability [20,21]. In addition, membranes with high surface wettability 
produce high flux without reducing their selectivity [22]. Furthermore, 
with certainty, the size ratio between contaminants and pore size can 
determine the existing fouling mechanism [18]. Overall, the relation
ship between membrane surface charge and isoelectric points of con
taminants is affected by pH. Up to now, the electrostatic repulsion 
between the membrane and the contaminants has resulted in lower 
fouling and increased flux [18].

Several membrane fouling studies are summarized in Table S1, 
indicating that fouling behavior is strongly dependent on membrane 
properties, foulant characteristics, solution chemistry, and operating 
conditions. Actual RAS water contains a complex mixture of feed- and 
fecal-derived organic matter, fine suspended solids and colloids, 
microbial-derived compounds, dissolved organic matter, nitrogen spe
cies, and inorganic constituents [23–25]. Feed input and feed-derived 
particles have been directly associated with increased membrane 
fouling in marine RAS, while the continuous recirculation of water 
promotes the accumulation and transformation of dissolved organic 
matter, including humic- and fulvic-type compounds [23,24]. Conse
quently, a single synthetic solution cannot reproduce the complete 
fouling environment of an operating RAS. Nevertheless, controlled 
model-foulant systems are useful for isolating membrane responses to 
chemically distinct foulant classes, and previous aquaculture membrane 
studies have employed shrimp-feed-derived organic matter and humic 
acid for this purpose [26]. Therefore, in this study, shrimp feed (SF) and 
humic acid (HA) were employed as aquaculture-relevant model foulants 
representing feed-derived and humic-type organic matter, respectively. 
The objective was to investigate their individual effects on the filtration 
performance and physicochemical properties of a commercial poly
sulfone ultrafiltration membrane under controlled laboratory condi
tions, rather than to reproduce the complete composition of actual RAS 
wastewater. The effects of operating pressure, foulant concentration, 
and filtration configuration were evaluated, while MWCO, SEM, FTIR, 
and water contact angle analyses were used to characterize the corre
sponding membrane transformations.

2. Material and methods

2.1. Materials

Commercial polysulfone (PS) ultrafiltration membranes with a 
nominal molecular weight cut-off (MWCO) of 20,000 Da were supplied 
by RisingSun Membrane Technology. Shrimp feed (SF; IRAWAN 681 V, 
Central Proteina Prima Indonesia) and humic acid (HA; Sigma-Aldrich) 
were used as aquaculture-relevant model foulants. The shrimp feed 
contained protein (>30%), crude fiber (<4%), fat (>5%), moisture 
(<12%), and ash (<11%). Sodium chloride (NaCl), hydrochloric acid 
(HCl), sulfuric acid (H2SO4), phenol (C6H5OH), glucose (C6H12O6), su
crose (C12H22O11), and dextran standards with molecular weights of 
1–40 kDa were used for feed preparation and membrane characteriza
tion. Deionized water produced in the laboratory, with a conductivity of 
approximately 15 μS cm− 1 and total dissolved solids of approximately 
11 mg L− 1, was used throughout the experiments.

2.2. Methods

2.2.1. Filtration feed preparation
Shrimp feed was ground and sieved to obtain particles smaller than 

200 mesh. The sieved particles were then dispersed in deionized water at 
concentrations of 1.5, 2.0, and 2.5 g L− 1. The suspensions were ho
mogenized using an IKA T25 digital ULTRA-TURRAX® at 20,000 rpm 
for 5 min at 25 ± 2 ◦C, followed by filtration to remove residual large 
particles. The resulting filtrate was exposed to UV-C irradiation to 
minimize microbial growth before use in the filtration experiments. 
Humic acid solutions were prepared separately at concentrations of 0.2, 
0.4, and 0.7 g L− 1. NaCl was added to each feed solution at 10 g L− 1 to 
provide a simplified saline background relevant to low-salinity shrimp 
aquaculture conditions [27]. The NaCl-based medium was used to 
control ionic background and was not intended to reproduce the com
plete ionic composition of actual RAS water.

SF and HA were investigated separately as single-foulant challenge 
solutions to enable controlled comparison of their individual membrane- 
fouling behavior. Previous aquaculture membrane studies have 
employed residual shrimp feed and HA as model organic foulants [26]. 
However, the SF concentrations employed in the present study 
(1.5–2.5 g L− 1) are higher than the 0.3–0.8 g L− 1 shrimp-feed range 
previously investigated by Widiasa et al. [26]. Similarly, the HA con
centrations used here (0.2–0.7 g L− 1) are within or above the upper 
range of high-concentration model-fouling studies; for example, HA 
concentrations of 50–150 mg L− 1 and 500 mg L− 1 have been employed 
in accelerated membrane-fouling evaluations [28,29]. Accordingly, the 
present concentrations are interpreted as accelerated fouling conditions 
designed for comparative mechanistic evaluation rather than as envi
ronmentally representative concentrations of actual RAS water. There
fore, the resulting fouling rates should not be quantitatively 
extrapolated to full-scale RAS operation.

2.2.2. Filtration procedure
The filtration experiments were organized into three experimental 

sets (See Fig. 1). The effect of operating pressure was evaluated under 
stirred dead-end filtration at 3, 5, 7, and 10 bar using SF at 2.0 g L− 1 or 
HA at 0.4 g L− 1. The effect of foulant concentration was evaluated under 
dead-end filtration at a fixed pressure of 5 bar using SF concentrations of 
1.5, 2.0, and 2.5 g L− 1 and HA concentrations of 0.2, 0.4, and 0.7 g L− 1. 
Filtration-configuration effects were evaluated separately at 5 bar by 
comparing dead-end and cross-flow operation using SF at 2.0 g L− 1 and 
HA at 0.4 g L− 1. All experiments were conducted at 25 ± 2 ◦C.

Prior to filtration, PS membrane coupons were immersed in deion
ized water for 24 h. Pure-water filtration was subsequently performed to 
establish the baseline membrane response. Dead-end filtration was 
conducted using a stirred cell with an effective membrane area of 
15.9 cm2, with N2 gas providing the transmembrane pressure and 
continuous stirring at 500 rpm. Cross-flow experiments were conducted 
using a Sterlitech Explorer CF042P cell with an effective membrane area 
of approximately 42 cm2 and a hold-up volume of 17 mL. The feed was 
recirculated at approximately 1.0 L min− 1, corresponding to an average 
cross-flow velocity of approximately 0.18 m s− 1, calculated from the 
volumetric recirculation rate and the cross-sectional area of the flow 
channel. Prior to foulant filtration, pure-water flux was measured using 
the pristine PS membrane under the corresponding operating pressures. 
For dead-end filtration, pure-water measurements were conducted at 3, 
5, 7, and 10 bar to establish the pressure-dependent baseline membrane 
response. These measurements were used as clean-water controls for 
distinguishing pressure-related changes in membrane permeability from 
additional resistance arising during foulant filtration. The corresponding 
pure-water flux profiles are provided in Fig. S1. The upper pressure of 
10 bar was included as a high-pressure challenge condition to evaluate 
the membrane response over an extended operating range and should 
not be interpreted as a recommended operating pressure for RAS 
ultrafiltration.
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Permeate volume and the corresponding elapsed filtration time were 
recorded throughout filtration and used to calculate permeate flux ac
cording to Eq. (1). 

J=
V

A.t
(1) 

where V, t, A are volume permeate (L), time (h), active membrane area 
(m2), respectively.

Filtration duration varied according to the permeation behavior of 
each condition rather than being fixed across all experiments. For the PS 
cross-flow experiments conducted at 5 bar, cumulative permeate 
collection reached 80 mL after approximately 63.9 min for SF and 
50.9 min for HA. The initial feed volume required to determine con
ventional permeate recovery could not be reliably reconstructed from 
the archived experimental records; therefore, recovery was not used as a 
basis for quantitative interpretation of the filtration results.

Foulant concentrations in the initial feed and permeate were quan
tified by UV–Vis spectrophotometry using foulant-specific calibration 
curves. SF and HA were analyzed at wavelengths of 280 and 255 nm, 
respectively, following the UV–Vis approach previously applied for 
aquaculture-relevant organic foulants [26]. For SF, the calibration 
relationship was A = 0.0754C− 0.0053 (R2 = 0.999), whereas for HA the 
relationship was A = 3.6623C− 0.0343 (R2 = 0.998), where A represents 
absorbance and C represents the corresponding foulant concentration (g 
L− 1). The concentrations determined for the initial feed and permeate 
were used as CF and CP, respectively, to calculate rejection according to 
Eq. (2). 

R=

(

1 −
CP

CF

)

× 100% (2) 

where CP and CF are the permeate concentration (g.L− 1) and the initial 
feed concentration (g.L− 1), respectively.

2.2.3. Membrane characterization
The membranes were systematically characterized to determine their 

pore size, hydrophobicity, morphology, and surface chemistry. Pore size 
was evaluated by the molecular weight cut-off (MWCO), defined as the 
molecular weight at 90% solute rejection. These tests were conducted at 
25 ◦C and 5 bar using 200 mg/L organic solute solutions. Solute con
centrations were quantified via the phenol-sulfuric acid method and 
measured with a UV-Vis spectrophotometer [Thermo Scientific™, Evo
lution™ 60S]. Membrane surface morphology was visualized by Scan
ning Electron Microscopy (SEM) [Hitachi, Flexsem 1000]. For SEM 
characterization, the SF concentration series (1.5, 2.0, and 2.5 g L− 1) 
and HA concentration series (0.2 and 0.4 g L− 1) were obtained under 
dead-end filtration at a fixed pressure of 5 bar. Configuration-associated 
morphology was evaluated at 5 bar using SF at 2.0 g L− 1 and HA at 
0.4 g L− 1 under both dead-end and cross-flow operation. Surface hy
drophobicity was determined by static water contact angle measure
ments [DataPhysics Instruments, OCA25]. Meanwhile, surface 
functional groups were identified using Fourier Transform Infrared 
(FTIR) spectroscopy [Shimadzu, IRTracer–100] over a wavenumber 
range of 4000–450 cm− 1. Post-filtration WCA and FTIR analyses were 
performed using PS membrane samples obtained at 5 bar. The SF- 
exposed sample corresponded to filtration with 2.0 g L− 1 SF, whereas 
the HA-exposed sample corresponded to filtration with 0.4 g L− 1 HA.

Fig. 1. Experimental setups and corresponding separation mechanisms for (a, c) dead-end stirred and (b, d) cross-flow filtration modes.

C. Wijaya et al.                                                                                                                                                                                                                                 Case Studies in Chemical and Environmental Engineering 14 (2026) 101478 

3 



2.2.4. Statistical analysis
Quantitative filtration-performance experiments were performed in 

triplicate. Statistical analyses were performed using MATLAB R2025b 
(MathWorks, USA), with statistical significance defined at p < 0.05. For 
the dead-end filtration experiments, the effects of operating pressure 
and foulant concentration on permeate flux and rejection were evalu
ated separately for SF and HA using one-way analysis of variance 
(ANOVA), followed by Tukey's honestly significant difference (HSD) test 
for pairwise comparisons. For the comparison between dead-end and 
cross-flow filtration, two-way ANOVA was used to evaluate the effects of 
foulant type, filtration configuration, and their interaction on flux and 
rejection. Within-foulant comparisons between cross-flow and dead-end 
filtration were additionally evaluated using Welch's independent- 
samples t-test. Detailed statistical results are provided in Table S2–S5
of the Supplementary Data.

3. Results and discussion

3.1. Correlation of membrane characteristics with fouling phenomena

As previously mentioned, the characteristics of membranes are 
crucial for the successful implementation of ultrafiltration (UF) in the 
treatment of aquaculture wastewater. This analysis provides a compre
hensive examination of the specific roles played by pore size, hydro
philicity, and surface chemistry [30,31]. The pore size of the membrane, 
indicated by its Molecular Weight Cut-Off (MWCO), serves as the prin
cipal mechanism for selectivity, operating through a size exclusion 
process.[32]. Nevertheless, the pore structure alone does not determine 
performance within this complex matrix. Membrane hydrophilicity is 
equally significant; a highly hydrophilic surface tends to reduce the 
adsorption of organic foulants, primarily proteins and carbohydrates, 
which are prevalent in aquaculture systems. This surface wettability is, 
in turn, influenced by the functional groups present on the membrane 

Fig. 2. (A) Rejection curve for MWCO determination of the pristine PS membrane at 5 bar; (B) water contact angle of pristine PS (PS1), PS after filtration with 
2.0 g L− 1 SF at 5 bar (PS2), and PS after filtration with 0.4 g L− 1 HA at 5 bar (PS3); and (C) FTIR spectra of the corresponding pristine, SF-exposed, and HA-exposed 
PS membranes.
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surface.[30,31]. The interdependence among these three factors is 
crucial for comprehending the overall processes of separation and 
fouling.

3.1.1. Pristine membrane characterization
Characterization of the pristine PS UF membrane established its 

baseline properties. The MWCO was experimentally determined to be 
~24 kDa (Fig. 2A), which is in close agreement with the manufacturer's 
reported value of 20 kDa. The slight discrepancy is likely attributable to 
differences in measurement methodologies and operating conditions. 
This MWCO confirms the membrane's theoretical capacity to reject large 
macromolecules, such as proteins and carbohydrates, via size exclusion 
[33].

Analysis by FTIR (Fig. 2C) confirmed the characteristic functional 
groups of the PS polymer. Key peaks were identified for the sulfone 
group (O––S––O), with symmetric and asymmetric stretching vibrations 
observed at 1159 cm− 1 and 1231 cm− 1, respectively [34]. Other sig
nificant peaks included the asymmetric C-O-C stretch of the aromatic 
ether at ~1248 cm− 1, aromatic C––C stretching at 1682 cm− 1, and ar
omatic C-H bending in the fingerprint region at 849 cm− 1. Aliphatic C-H 
stretching from methyl groups was also detected at 2869 cm− 1 [35].

Wettability analysis (Fig. 2B) showed the pristine membrane surface 
to be moderately hydrophilic, leaning towards hydrophobic, with a 
water contact angle (WCA) of 62.74◦. This inherent wettability is 
attributed to the sulfone (O––S––O) and ether (C-O-C) groups [34]. The 
oxygen atoms in these groups possess lone electron pairs, allowing the 
molecules as hydrogen bond acceptors for water molecules.

3.1.2. Post-operation analysis: SF-induced organic fouling
Membrane autopsy following operation with SF revealed a distinct 

surface transformation associated with the deposition of feed-derived 
organic material. As shown in Fig. 2C, several new FTIR features 
emerged after SF filtration, indicating changes in the chemical compo
sition of the membrane surface. A prominent band at approximately 
1550 cm− 1 is consistent with Amide II-associated vibrations, involving 
N–H bending and C–N stretching, while the feature observed in the 
Amide III region at approximately 1350 cm− 1 provides additional evi
dence of proteinaceous material associated with the fouled surface [36]. 
The broad O–H stretching band at approximately 3200 cm− 1, together 
with the C–O-associated feature around 1050 cm− 1, is consistent with 
hydroxyl- and carbohydrate/polysaccharide-like functionalities. 
FTIR-based characterization of organic membrane fouling similarly as
sociates amide- and carbohydrate-related spectral regions with pro
teinaceous and polysaccharide-containing foulants [36].

Collectively, these spectral changes support the deposition of an SF- 
derived organic layer containing proteinaceous and polysaccharide-like 
components. However, FTIR identifies chemical functionalities and does 
not by itself establish the three-dimensional organization of these 
components as a protein–polysaccharide gel layer. The corresponding 
change in membrane wettability provides complementary evidence of 
surface transformation. For the SF-exposed membrane characterized 
after filtration at 5 bar, the WCA decreased from 62.74◦ for pristine PS to 
47.78◦ (Fig. 2B), indicating increased surface hydrophilicity. The lower 
WCA is consistent with the presence of polar functionalities within the 
deposited organic material, which can increase the affinity of the surface 
toward water through interactions involving hydroxyl- and amide- 
containing groups [33,37]. Thus, the combined FTIR and WCA obser
vations support an SF-induced transformation in both the surface 
chemistry and wettability of the PS membrane.

3.1.3. Post-operation analysis: HA fouling
In contrast, post-operation characterization following HA filtration 

revealed a surface transformation distinct from that observed for SF. For 
the HA-exposed membrane characterized at 5 bar, the WCA increased 
slightly from 62.74◦ to 66.92◦ (Fig. 2B), indicating a modest increase in 
surface hydrophobicity. FTIR showed a broad O–H band around 

3350 cm− 1, O–H bending near 1410 cm− 1, and aliphatic C–H-associated 
features around 1468 cm− 1, consistent with HA-derived functionalities 
on the membrane surface [38]. Together, the FTIR and WCA results 
indicate that HA deposition altered the membrane–water interfacial 
properties in a manner distinct from SF exposure, although the spectral 
data do not independently establish the molecular organization of the 
deposited HA layer [39].

3.1.4. Morphological transformation and foulant-specific deposition
Surface morphological analysis provided complementary qualitative 

evidence of foulant-specific deposition on the PS membrane (Fig. 3). The 
pristine PS membrane exhibited a comparatively clean and uniform 
surface, whereas membranes exposed to either SF or HA showed clear 
deposition and substantial changes in surface morphology. For the dead- 
end configuration, the revised SEM comparison was conducted at a fixed 
pressure of 5 bar, enabling the effects associated with foulant concen
tration to be examined without simultaneously varying pressure. SF- 
exposed membranes at 1.5–2.5 g L− 1 exhibited comparatively fine and 
dispersed surface deposits, with differences in surface coverage and 
deposit morphology across the investigated concentrations. In contrast, 
HA-exposed membranes exhibited more heterogeneous and aggregate- 
like deposits. These morphological differences are consistent with the 
known foulant-specific nature of organic membrane fouling, in which 
chemically distinct macromolecular and humic substances can exhibit 
different deposition, pore-blocking, and cake-growth behavior [40]. The 
influence of filtration configuration was further examined under 
matched conditions at 5 bar using SF at 2.0 g L− 1 and HA at 0.4 g L− 1. 
For both foulants, the cross-flow samples exhibited deposition patterns 
that differed from the corresponding dead-end samples. This observa
tion is consistent with the influence of tangential flow and 
membrane-surface shear on foulant accumulation and concentration 
polarization during cross-flow filtration [41,42]. However, SEM pro
vides qualitative surface-morphology information rather than quanti
tative measurements of deposit mass, thickness, mechanical properties, 
or hydraulic resistance. The SEM observations are therefore interpreted 
together with the filtration-performance results rather than as inde
pendent proof of a specific fouling mechanism.

3.2. Membrane filtration performance

Membrane performance was evaluated according to the procedures 
previously described. The results are presented to correlate the mem
brane's physical and chemical characterization with its separation effi
cacy (flux and rejection) under varied operating pressures and foulant 
concentrations.

3.2.1. Performance with SF foulant
Filtration experiments utilizing the SF-containing solution demon

strated a distinct pressure-dependent flux behavior. At lower trans
membrane pressures (3 and 5 bar), the membrane showed a 
comparatively smaller time-dependent change in flux, whereas a more 
pronounced decline was observed at 7 and 10 bar (Fig. 4A). Statistical 
analysis confirmed that operating pressure significantly affected 
permeate flux during SF filtration (one-way ANOVA, F(3,8) = 24.36, 
p < 0.001), whereas no statistically significant pressure effect was 
detected for SF rejection (F(3,8) = 3.36, p = 0.076). Tukey's HSD 
analysis showed that the flux at 3 bar differed significantly from those at 
5, 7, and 10 bar, while the 10-bar flux was also significantly higher than 
that at 5 bar (Table S3). No significant difference was detected between 
5 and 7 bar or between 7 and 10 bar. The pure-water controls also 
exhibited some pressure-dependent flux decline, particularly at 10 bar 
(Fig. S1), indicating that intrinsic membrane compaction may 
contribute to the observed behavior. During SF filtration, the additional 
time-dependent resistance may further arise from enhanced foulant 
transport, accumulation, and compression of the deposited organic layer 
at elevated pressure. Therefore, the observed flux decline is interpreted 
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as the combined effect of pressure-induced membrane response and 
foulant-associated resistance rather than membrane compaction alone. 
The protein-, carbohydrate-, and lipid-containing SF matrix may 
consequently form a compressible surface deposit, with increasing 
pressure potentially promoting closer packing of the accumulated fou
lant layer.

Variation in bulk SF concentration produced only limited changes in 
filtration performance within the investigated range. No statistically 
significant concentration effect was detected for either permeate flux (F 
(2,6) = 3.07, p = 0.121) or rejection (F(2,6) = 1.89, p = 0.231), and 
Tukey's HSD analysis identified no significant pairwise differences 
among 1.5, 2.0, and 2.5 g L− 1 SF (Tables S2 and S3). These results 
indicate that, within the investigated concentration range, bulk SF 
concentration alone did not explain the observed variation in membrane 
performance. This observation indicates that the fouling mechanism is 
not exclusively reliant on the bulk foulant concentration. Other signifi
cant factors, such as protein-membrane and protein-protein in
teractions, are crucial determinants of fouling [43]. Moreover, the 
interactions between proteins and other constituents of the feed matrix, 
such as carbohydrates, lipids, and ash, are likely to contribute to the 
structure of the fouling layer. The inherent ash content of SF is known to 
contain ionized minerals (e.g., Ca, Mg, P, K, and Na), which can influ
ence these interactions [44]. Furthermore, NaCl was incorporated into 
the feed solution to provide a simplified saline background relevant to 
low-salinity shrimp aquaculture rather than to reproduce the complete 

ionic composition of actual RAS water [27]. Ionic composition may in
fluence organic fouling because membrane–foulant and foulant–foulant 
interactions can change in the presence of dissolved ions [45,46]. In the 
present study, however, NaCl concentration was fixed at 10 g L− 1; 
therefore, the effect of salinity or ionic strength was not independently 
investigated. Further studies incorporating systematic ionic-strength 
variation and multivalent ions are required to clarify ion–protein in
teractions in this system.

3.2.2. Performance with HA foulant
Using an identical testing methodology, the membrane's perfor

mance against the HA foulant was evaluated. The characteristic flux 
decline observed during HA filtration (Fig. 4D) indicates the progressive 
development of filtration resistance across the investigated pressures. 
Such behavior is consistent with the combined effects of concentration 
polarization, HA accumulation, and the development of additional 
foulant-associated resistance during ultrafiltration [29,47]. Operating 
pressure also significantly affected permeate flux during HA filtration (F 
(3,8) = 18.47, p < 0.001), whereas HA rejection did not exhibit a sig
nificant pressure-dependent response (F(3,8) = 0.00, p = 1.000) 
(Table S2). Tukey's HSD analysis showed significantly higher flux at 
7 bar than at 3 bar and at 10 bar than at 3 and 5 bar, whereas the 
remaining pressure comparisons were not statistically significant 
(Table S3). Increasing pressure increased the absolute permeate flux, 
while time-dependent flux decline remained evident. Because the 

Fig. 3. Pristine and Post-treated Membrane surfaces characterization using SEM at 10,000× magnification.
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pure-water controls also showed pressure-related flux changes, partic
ularly at 10 bar, the present data cannot quantitatively distinguish 
intrinsic membrane compaction from HA-induced resistance. At 
elevated transmembrane pressure, both pressure-dependent membrane 
response and compression of accumulated foulant layers may contribute 
to the observed decline in permeability [47]. The observed behavior is 
therefore interpreted as resulting from combined contributions of 
membrane compaction, concentration polarization, and HA deposition. 
Hydrophobic interactions involving HA can further contribute to 

persistent or hydraulically irreversible membrane fouling [48]. Despite 
the decline in flux, the membrane exhibited excellent and consistent 
rejection performance, maintaining over 90% rejection across the entire 
pressure range. Similar to the SF trials, filtration performance showed 
only limited variation with bulk HA concentration within the investi
gated range.

3.2.3. Effect of filtration configuration: dead-end vs. cross-flow
Comparison of dead-end and cross-flow filtration revealed that the 

Fig. 4. Dead-end filtration performance of the PS membrane with (A-C) SF and (D-F) HA foulants. (A, D) Flux decline profiles; (B, E) Effect of operating pressure on 
flux and rejection; (C, F) Effect of feed concentration on flux and rejection.

Fig. 5. Comparative Performance of Dead-End (DE) and Cross-Flow (CF) Filtration Modes at 5 bar.
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configuration-associated effect on membrane performance depended on 
foulant type (Fig. 5). Two-way ANOVA showed significant effects of 
foulant type (F(1,8) = 147.29, p < 0.001) and filtration configuration (F 
(1,8) = 40.87, p < 0.001) on permeate flux, together with a significant 
foulant configuration interaction (F(1,8) = 9.21, p = 0.016) (Table S4). 
The significant interaction indicates that the magnitude of the 
configuration-associated flux difference was not identical for SF and HA. 
Subsequent within-foulant comparisons showed that cross-flow filtra
tion produced a significantly higher flux than dead-end filtration for SF 
(p = 0.018), whereas the corresponding difference for HA was not sta
tistically significant (p = 0.110) (Table S5). Thus, the configuration- 
associated enhancement in flux was particularly pronounced for SF. In 
contrast, filtration configuration did not significantly affect rejection (F 
(1,8) = 0.49, p = 0.503), and no significant foulant × configuration 
interaction was detected for rejection (F(1,8) = 0.22, p = 0.652). Foulant 
type itself significantly affected rejection (F(1,8) = 14.00, p = 0.006), 
with HA exhibiting higher mean rejection than SF under the investigated 
conditions. Within-foulant Welch tests likewise showed no significant 
CF–DE difference in rejection for either HA (p = 0.855) or SF (p = 0.507) 
(Tables S4 and S5).

These findings indicate that the principal configuration-associated 
response was observed in membrane productivity rather than solute 
rejection. The higher SF flux under cross-flow operation is consistent 
with reduced foulant accumulation and concentration polarization 
under tangential flow [49]. However, because the dead-end and 
cross-flow experiments employed different filtration cells and mem
brane areas, the statistically observed differences should be interpreted 
as configuration-associated effects rather than being attributed exclu
sively to hydrodynamics.

3.3. Practical significance and implications

The present results provide laboratory-scale evidence that operating 
pressure, foulant identity, and filtration configuration influence the 
behavior of PS ultrafiltration membranes under aquaculture-relevant 
model-foulant conditions. Within the investigated pressure range, 
elevated pressure did not necessarily translate into proportionally 
improved separation performance and was associated with greater time- 
dependent filtration resistance, particularly during SF filtration. These 
observations indicate that increasing transmembrane pressure alone 
may not be an effective strategy for sustaining UF performance when 
organic fouling is dominant. However, because energy consumption was 
not measured, the present study does not permit quantitative conclu
sions regarding energy efficiency or the energetic optimum of the 
filtration process.

The cross-flow experiments exhibited higher and more stable 
permeate flux than the corresponding dead-end experiments under the 
investigated conditions. This behavior is consistent with the ability of 
tangential flow to influence concentration polarization and foulant 
accumulation at the membrane surface. Nevertheless, the two configu
rations were operated using different filtration cells and membrane 
areas; therefore, the observed performance difference should not be 
attributed exclusively to hydrodynamics. The present results conse
quently support further evaluation of cross-flow operation for fouling 
control rather than demonstrating a definitive operational advantage for 
full-scale RAS.

The practical implications of the present study should also be 
interpreted within the limitations of the model-foulant experimental 
design. Actual RAS water contains feed- and fecal-derived organic 
matter, fine suspended and colloidal solids, microbial-derived com
pounds, dissolved organic matter, nitrogen species, and inorganic con
stituents that may interact during membrane filtration [23–25]. These 
multicomponent interactions are not reproduced by the isolated SF and 
HA solutions used here. Moreover, the elevated foulant concentrations 
represent accelerated challenge conditions rather than quantitative 
simulations of actual RAS water. Cleaning frequency, membrane 

lifetime, energy demand, long-term flux recovery, and operating costs 
were not evaluated and therefore cannot be inferred from the present 
experiments.

Accordingly, the findings are best interpreted as a controlled mech
anistic basis for identifying operating variables and foulant-specific re
sponses that should be considered in subsequent RAS-oriented UF 
studies. Validation using actual RAS water or appropriately character
ized multicomponent model matrices, together with longer-duration 
cross-flow operation, cleaning and flux-recovery experiments, and en
ergy assessment, will be required before recommendations regarding 
full-scale operating pressure, cleaning strategy, or process economics 
can be established.

4. Conclusions

This study provides a mechanistic understanding of foulant-specific 
transformations of polysulfone ultrafiltration membranes under 
controlled aquaculture-relevant model-foulant conditions. Shrimp-feed 
exposure produced an organic surface deposit containing proteina
ceous and polysaccharide-like functionalities and was accompanied by 
increased membrane hydrophilicity, whereas HA exposure produced 
more heterogeneous aggregate-like deposits together with a modest 
increase in surface hydrophobicity. Elevated pressures were associated 
with greater filtration resistance for both foulant systems, with a more 
pronounced deterioration in flux stability observed during SF filtration 
at 7–10 bar. Pure-water controls indicated that intrinsic pressure- 
dependent membrane compaction may also contribute at high pres
sure; therefore, the observed flux decline cannot be attributed exclu
sively to foulant deposition. Cross-flow filtration exhibited higher and 
more stable flux than dead-end filtration under the investigated condi
tions, although differences in module geometry and membrane area 
prevent attribution of this performance difference exclusively to hy
drodynamics. Collectively, these findings provide a controlled mecha
nistic basis for understanding foulant-specific UF behavior relevant to 
aquaculture water treatment; however, validation using actual RAS 
water is required before the observed trends can be extrapolated to long- 
term or full-scale operation.
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Notation

RAS : Recirculating Aquaculture Systems

PS : Polysulfone ​
PVDF : Polyvinylidene fluoride ​
PP : Polypropylene ​
PES : Polyethersulfone ​
SF : Shrimp Feed ​
HA : Humic Acid ​
Q : Flow rate L.h− 1

T : Temperature ◦C
P : Pressure bar/kPa/mPa
S : Agitation speed rpm
D : Diameter m
J : Permeate Flux L.m− 2.h− 1

V : Volume L
A : Active area m2

t : Time h
R : Rejection %
CP : Permeate Concentration g.L− 1

CF : Feed Concentration g.L− 1

RS : Stokes Radii nm
RP : Pore Radii nm
MWCO : Molecular Weight Cut-Off Da
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membrane during the ultrafiltration of complex organic–inorganic feed water, 
Membranes 13 (2023) 334, https://doi.org/10.3390/MEMBRANES13030334/S1.

[30] Q. Qiu, F. Xu, W. Zhou, et al., Crosslinked chitosan-modified ultrafiltration 
membranes for efficient surface water treatment and enhanced anti-fouling 
performances, Green Process. Synth. 13 (2024), https://doi.org/10.1515/GPS- 
2024-0115/XML.

[31] S. Cairone, S.W. Hasan, K.H. Choo, et al., Enhancing membrane fouling control in 
wastewater treatment processes through artificial intelligence modeling: research 
progress and future perspectives, Euro-Mediterranean J. Environ. Integr. 9 (4) 
(2024) 1887–1905, https://doi.org/10.1007/S41207-024-00659-0, 2024 9.

[32] F. Hosseinzadeh, H. Sarpoolaky, Advances in tight ultrafiltration membranes: 
material development, performance enhancement, and sustainable applications, 
J. Hazard. Mater. Adv. 19 (2025) 100813, https://doi.org/10.1016/J. 
HAZADV.2025.100813.

[33] S.B. Alpiger, C. Solet, T.T. Dang, M. Corredig, Ultrafiltration of rapeseed protein 
concentrate: effect of pectinase treatment on membrane fouling, Foods 13 (2024) 
2423, https://doi.org/10.3390/FOODS13152423, 2024, Vol 13, Page 2423.

[34] S. Zare, A. Pouranfard, Membrane nanofiltration of cadmium-containing 
wastewater by a modified polysulfone membrane: experimental and statistical 
analysis, Int. J. Environ. Sci. Technol. 22 (16) (2025) 16585–16604, https://doi. 
org/10.1007/S13762-025-06705-W, 2025 22.

[35] M. Yang, J. Xiao, Q. Zhong, Modeling of parameters affecting the removal of 
chromium using polysulfone/graphene oxide membrane via response surface 
methodology, Environ. Monit. Assess. 197 (2) (2025) 180, https://doi.org/ 
10.1007/S10661-025-13616-3, 2025 197.

[36] Y. Lai, H. Xu, K. Xiao, et al., Unravelling essential factors of membrane organic 
fouling via source apportionment analysis of FTIR features, Sep. Purif. Technol. 
380 (2026) 135464, https://doi.org/10.1016/J.SEPPUR.2025.135464.

[37] H.R. Panchami, A.M. Isloor, A.F. Ismail, Improved hydrophilic and antifouling 
performance of nanocomposite ultrafiltration zwitterionic polyphenylsulfone 
membrane for protein rejection applications, J. Nanostruct. Chem. 12 (3) (2021) 
343–364, https://doi.org/10.1007/S40097-021-00416-7, 2021 12.

[38] H.S. Alborzi, M. Pakizeh, R. Rahimnia, Humic acid removal from water using PAN/ 
PANI composite membrane, Emerg. Mater. 2025 (2025) 1–21, https://doi.org/ 
10.1007/S42247-025-01183-9.

[39] D. Kadadou, T. Arumugham, L. Tizani, S.W. Hasan, Enhanced antifouling and 
separation capabilities of polydopamine@Ce-MOF functionalized PES 
ultrafiltration membrane, npj Clean Water 7 (1) (2024) 7, https://doi.org/ 
10.1038/S41545-024-00302-Z, 2024 7.

[40] L. Chen, R. Li, Y. Zhang, et al., In situ visualization of membrane fouling evolution 
during ultrafiltration using label-free hyperspectral light sheet fluorescence 
imaging, Environ. Sci. Technol. 57 (2023) 4533–4542, https://doi.org/10.1021/ 
ACS.EST.2C08731.

[41] J.M. Wang, Q.Q. Jin, Y.Y. Zhang, et al., Reducing the membrane fouling in cross- 
flow filtration using a facile fluidic oscillator, Sep. Purif. Technol. 272 (2021) 
118854, https://doi.org/10.1016/J.SEPPUR.2021.118854.

[42] V.O. Mkpuma, M. Najafi, J. Farahbakhsh, et al., Membrane fouling dynamics and 
flux optimization in the ultrafiltration of Chlorella sp. MUR 269 and Dunaliella 
salina CS 744/01, J. Water Proc. Eng. 78 (2025) 108808, https://doi.org/10.1016/ 
J.JWPE.2025.108808.

[43] J.W. Chew, J. Kilduff, G. Belfort, The behavior of suspensions and macromolecular 
solutions in crossflow microfiltration: an update, J. Memb. Sci. 601 (2020) 117865, 
https://doi.org/10.1016/j.memsci.2020.117865.

[44] T. Binalshikh-abubkr, M.M. Hanafiah, S.K. Das, Proximate chemical composition of 
dried shrimp and tilapia waste Bioflocs produced by two drying methods, J. Mar. 
Sci. Eng. 9 (2021) 1–16.

[45] Y. Ding, Y. Tian, Z. Li, et al., Microfiltration (MF) membrane fouling potential 
evaluation of protein with different ion strengths and divalent cations based on 
extended DLVO theory, Desalination 331 (2013) 62–68, https://doi.org/10.1016/ 
J.DESAL.2013.10.017.

[46] W. Cai, J. Zhang, Y. Li, et al., Characterizing membrane fouling formation during 
ultrafiltration of high-salinity organic wastewater, Chemosphere 287 (2022) 
132057, https://doi.org/10.1016/J.CHEMOSPHERE.2021.132057.

[47] R. Shoshaa, M.Y. Ashfaq, M.A. Al-Ghouti, Recent developments in ultrafiltration 
membrane technology for the removal of potentially toxic elements, and enhanced 
antifouling performance: a review, Environ. Technol. Innov. 31 (2023) 103162, 
https://doi.org/10.1016/J.ETI.2023.103162.

[48] S. Park, S. Choi, Y.K. Lee, et al., Cation− π interactions contribute to Hydrophobic 
Humic acid removal for the control of hydraulically irreversible membrane fouling, 
Environ. Sci. Technol. 57 (2023) 3853–3863, https://doi.org/10.1021/ACS. 
EST.2C07593.

[49] V.O. Mkpuma, M. Najafi, J. Farahbakhsh, et al., Membrane fouling dynamics and 
flux optimization in the ultrafiltration of Chlorella sp. MUR 269 and Dunaliella 
salina CS 744/01, J. Water Proc. Eng. 78 (2025) 108808, https://doi.org/10.1016/ 
J.JWPE.2025.108808.

C. Wijaya et al.                                                                                                                                                                                                                                 Case Studies in Chemical and Environmental Engineering 14 (2026) 101478 

10 

https://doi.org/10.1016/j.memsci.2015.09.067
https://doi.org/10.1016/J.AQUAENG.2013.10.002
https://doi.org/10.3390/W14162549
https://doi.org/10.3390/W14162549
http://refhub.elsevier.com/S2666-0164(26)00158-1/sref25
http://refhub.elsevier.com/S2666-0164(26)00158-1/sref25
https://doi.org/10.1016/J.JWPE.2017.12.006
https://doi.org/10.1016/J.JWPE.2017.12.006
https://doi.org/10.1111/JFD.13270;REQUESTEDJOURNAL:JOURNAL:13652761;JOURNAL:JOURNAL:13652761;WGROUP:STRING:PUBLICATION
https://doi.org/10.1111/JFD.13270;REQUESTEDJOURNAL:JOURNAL:13652761;JOURNAL:JOURNAL:13652761;WGROUP:STRING:PUBLICATION
https://doi.org/10.1111/JFD.13270;REQUESTEDJOURNAL:JOURNAL:13652761;JOURNAL:JOURNAL:13652761;WGROUP:STRING:PUBLICATION
https://doi.org/10.1039/D1RA03697A
https://doi.org/10.3390/MEMBRANES13030334/S1
https://doi.org/10.1515/GPS-2024-0115/XML
https://doi.org/10.1515/GPS-2024-0115/XML
https://doi.org/10.1007/S41207-024-00659-0
https://doi.org/10.1016/J.HAZADV.2025.100813
https://doi.org/10.1016/J.HAZADV.2025.100813
https://doi.org/10.3390/FOODS13152423
https://doi.org/10.1007/S13762-025-06705-W
https://doi.org/10.1007/S13762-025-06705-W
https://doi.org/10.1007/S10661-025-13616-3
https://doi.org/10.1007/S10661-025-13616-3
https://doi.org/10.1016/J.SEPPUR.2025.135464
https://doi.org/10.1007/S40097-021-00416-7
https://doi.org/10.1007/S42247-025-01183-9
https://doi.org/10.1007/S42247-025-01183-9
https://doi.org/10.1038/S41545-024-00302-Z
https://doi.org/10.1038/S41545-024-00302-Z
https://doi.org/10.1021/ACS.EST.2C08731
https://doi.org/10.1021/ACS.EST.2C08731
https://doi.org/10.1016/J.SEPPUR.2021.118854
https://doi.org/10.1016/J.JWPE.2025.108808
https://doi.org/10.1016/J.JWPE.2025.108808
https://doi.org/10.1016/j.memsci.2020.117865
http://refhub.elsevier.com/S2666-0164(26)00158-1/sref44
http://refhub.elsevier.com/S2666-0164(26)00158-1/sref44
http://refhub.elsevier.com/S2666-0164(26)00158-1/sref44
https://doi.org/10.1016/J.DESAL.2013.10.017
https://doi.org/10.1016/J.DESAL.2013.10.017
https://doi.org/10.1016/J.CHEMOSPHERE.2021.132057
https://doi.org/10.1016/J.ETI.2023.103162
https://doi.org/10.1021/ACS.EST.2C07593
https://doi.org/10.1021/ACS.EST.2C07593
https://doi.org/10.1016/J.JWPE.2025.108808
https://doi.org/10.1016/J.JWPE.2025.108808


Institut Teknologi Sepuluh Nopember, Jurusan Teknik Informatika

1-s2.0-S2666016426001581-main.pdf

 

Document Details

Submission ID

trn:oid:::3117:622036036

Submission Date

Sep 9, 2026, 10:02 AM GMT+7

Download Date

Sep 9, 2026, 10:06 AM GMT+7

File Name

1-s2.0-S2666016426001581-main.pdf

File Size

8.0 MB

10 Pages

7,805 Words

45,858 Characters

Page 1 of 16 - Cover Page Submission ID trn:oid:::3117:622036036

Page 1 of 16 - Cover Page Submission ID trn:oid:::3117:622036036



14% Overall Similarity
The combined total of all matches, including overlapping sources, for each database.

Filtered from the Report

Bibliography

Quoted Text

Cited Text

Exclusions
1 Excluded Source

Match Groups

71 Not Cited or Quoted  14%
Matches with neither in-text citation nor quotation marks

0 Missing Quotations  0%
Matches that are still very similar to source material

0 Missing Citation  0%
Matches that have quotation marks, but no in-text citation

0 Cited and Quoted  0%
Matches with in-text citation present, but no quotation marks

Top Sources

10% Internet sources

12% Publications

0% Submitted works (Student Papers)

Integrity Flags
0 Integrity Flags for Review

No suspicious text manipulations found.
Our system's algorithms look deeply at a document for any inconsistencies that 
would set it apart from a normal submission. If we notice something strange, we flag 
it for you to review.

A Flag is not necessarily an indicator of a problem. However, we'd recommend you 
focus your attention there for further review.

Page 2 of 16 - Integrity Overview Submission ID trn:oid:::3117:622036036

Page 2 of 16 - Integrity Overview Submission ID trn:oid:::3117:622036036



Match Groups

71 Not Cited or Quoted  14%
Matches with neither in-text citation nor quotation marks

0 Missing Quotations  0%
Matches that are still very similar to source material

0 Missing Citation  0%
Matches that have quotation marks, but no in-text citation

0 Cited and Quoted  0%
Matches with in-text citation present, but no quotation marks

Top Sources

10% Internet sources

12% Publications

0% Submitted works (Student Papers)

Top Sources
The sources with the highest number of matches within the submission. Overlapping sources will not be displayed.

1 Internet

edepot.wur.nl 1%

2 Publication

Putu Doddy Sutrisna, Pra Cipta Buana Wahyu Mustika, Candra Wijaya, Verdianto I… 1%

3 Internet

par.nsf.gov <1%

4 Internet

repository.tudelft.nl <1%

5 Internet

www.nks.org <1%

6 Internet

researchonline.jcu.edu.au <1%

7 Publication

Tanushree Tanmayee, Deepak Verma. "Polyaniline-nanocomposite based quad-la… <1%

8 Internet

ri.conicet.gov.ar <1%

9 Publication

Sumanta Sahu, Roni Kasher. "Development of UiO-67-polyaniline modified memb… <1%

10 Internet

www.internationaljournalssrg.org <1%

Page 3 of 16 - Integrity Overview Submission ID trn:oid:::3117:622036036

Page 3 of 16 - Integrity Overview Submission ID trn:oid:::3117:622036036

https://edepot.wur.nl/709343
https://doi.org/10.1016/j.cscee.2026.101338
https://par.nsf.gov/servlets/purl/10384604
https://repository.tudelft.nl/islandora/object/uuid:7084d029-1a94-45f9-96c7-86cd2871c809/datastream/OBJ/download
https://www.nks.org/scripts/getdocument.php?file=111010214699531
https://researchonline.jcu.edu.au/84453/1/Smithetal.2025.pdf
https://doi.org/10.1016/j.nxmate.2025.101256
https://ri.conicet.gov.ar/bitstream/handle/11336/204228/CONICET_Digital_Nro.8be7c9c2-9fff-44ee-b88a-90b0aefaf97c_H.pdf?isAllowed=y&sequence=8
https://doi.org/10.1016/j.seppur.2025.134323
https://www.internationaljournalssrg.org/IJME/2026/Volume13-Issue7/IJME-V13I7P114.pdf


11 Internet

www.degruyterbrill.com <1%

12 Internet

eprints.undip.ac.id <1%

13 Publication

Luyao Deng, Shaolu Li, Yiwen Qin, Longjiang Zhang, Haonan Chen, Zaigong Chan… <1%

14 Publication

Victor Okorie Mkpuma, Mohadeseh Najafi, Javad Farahbakhsh, Masoumeh Zargar… <1%

15 Internet

journal.aastu.edu.et <1%

16 Publication

Sederman, A.J.. "Single excitation multiple image RARE (SEMI-RARE): ultra-fast im… <1%

17 Publication

Yanjun Zhang, Yu Yang, Satoshi Takizawa, Keisuke Kuroda, Zhiqian Jia, Peijuan Li… <1%

18 Publication

Yuanyuan Tang, Hongyuan Yu, Youli Xing, Congjie Gao, Jia Xu. "Microstructure an… <1%

19 Internet

hal.archives-ouvertes.fr <1%

20 Publication

Rundquist, E.. "Facilitating the use of counter-current chromatography in     phar… <1%

21 Publication

Meng Li, Vasiliki Karanikola, Xuan Zhang, Lianjun Wang, Menachem Elimelech. "A… <1%

22 Internet

www.pharmaexcipients.com <1%

23 Publication

Chian Yong Loh, Aaron Zhen Yao Koe, Wei Jiun Lim, Ying Shi Chang, Boon Seng Oo… <1%

24 Internet

doktori.bibl.u-szeged.hu <1%

Page 4 of 16 - Integrity Overview Submission ID trn:oid:::3117:622036036

Page 4 of 16 - Integrity Overview Submission ID trn:oid:::3117:622036036

https://www.degruyterbrill.com/document/doi/10.1515/gps-2023-0254/html
http://eprints.undip.ac.id/77889/1/C3.pdf
https://doi.org/10.1016/j.memsci.2020.118564
https://doi.org/10.1016/j.jwpe.2025.108808
https://journal.aastu.edu.et/index.php/jmpt/article/download/117/69/653
https://doi.org/10.1016/S1090-7807(02)00141-6
https://doi.org/10.1016/j.seppur.2024.128246
https://doi.org/10.1016/j.desal.2020.114408
https://hal.archives-ouvertes.fr/hal-02841317/file/Tarnowska%20Int%20J%20Cosmet%20Sci%202020.pdf
https://doi.org/10.1016/j.chroma.2012.01.021
https://doi.org/10.1021/acs.estlett.8b00117
https://www.pharmaexcipients.com/wp-content/uploads/2025/09/A-promising-alliance-in-multiple-sclerosis-treatment.-Microarray-patch-for-the-administration-of-beta-interferon.pdf
https://doi.org/10.1016/j.jwpe.2023.103637
https://doktori.bibl.u-szeged.hu/id/eprint/11655/1/ELIASS_Thesis_final_.pdf


25 Internet

lutpub.lut.fi <1%

26 Internet

www.mdpi.com <1%

27 Publication

Daniela Florentina Enache, George Alexandru Popa, Eugeniu Vasile, Anca Razvan, … <1%

28 Publication

Tsibranska, I.H., and B. Tylkowski. "Concentration of ethanolic extracts from Side… <1%

29 Publication

Yao Wang, Zhi Wang, Jixiao Wang, Shichang Wang. "Triple antifouling strategies f… <1%

30 Internet

arxiv.org <1%

31 Internet

backend.orbit.dtu.dk <1%

32 Internet

link.springer.com <1%

33 Internet

pubs.rsc.org <1%

34 Publication

Cui Liu, Qiusheng Jing, Jinbo Lu, Li Wang et al. " Effects of Dietary Fish Meal Repla… <1%

35 Publication

G. P. Syed Ibrahim, Arun M. Isloor, Mona Bavarian, Siamak Nejati. "Integration of … <1%

36 Publication

I.N. Widiasa, H. Susanto, Y.P. Ting, G. Suantika, S. Steven, K. Khoiruddin, I.G. Went… <1%

37 Publication

Maarten Schutyser, Georges Belfort. "Dean Vortex Membrane Microfiltration Non… <1%

38 Publication

Marie-Laure Pellegrin, Kyungnan Min, Jason Diamond, Mary E. Sadler et al. "Mem… <1%

Page 5 of 16 - Integrity Overview Submission ID trn:oid:::3117:622036036

Page 5 of 16 - Integrity Overview Submission ID trn:oid:::3117:622036036

https://lutpub.lut.fi/bitstream/handle/10024/161934/mohammadi_et_al_enhancement_of_nitrate_removal_final_draft.pdf?isAllowed=y&sequence=1
https://www.mdpi.com/2077-0375/13/7/683
https://doi.org/10.37358/RC.17.11.5944
https://doi.org/10.1016/j.fbp.2012.09.004
https://doi.org/10.1016/j.memsci.2017.12.047
https://arxiv.org/pdf/2402.15265
https://backend.orbit.dtu.dk/ws/files/364851657/Thesis_-_Xiaoyu_Huang.pdf
https://link.springer.com/article/10.1007%2Fs10953-015-0413-2
https://pubs.rsc.org/en/content/articlehtml/2017/ew/c7ew00212b
https://doi.org/10.1155/anu/2904475
https://doi.org/10.1021/acsapm.9b01192
https://doi.org/10.1016/j.aquaculture.2023.740224
https://doi.org/10.1021/ie010448o
https://doi.org/10.2175/106143014X14031280667570


39 Publication

Mohammed Fuseini, Ahmed H. El‐Shazly, Moustafa Mahmoud Yousry Zaghloul. "R… <1%

40 Publication

Nathawat Unsomsri, Songkran Wiriyasart, Sommas Kaewluan. "Impact of direct a… <1%

41 Publication

Putu Doddy Sutrisna, Emma Savitri, Maria A. Gunawan, Isra Herdina F. Putri, Sam… <1%

42 Publication

Shengnan Chen, Zhiwei Zhao, Chuang Wang, Fuyi Cui. "VUV coupled with low-dos… <1%

43 Internet

ebin.pub <1%

44 Internet

files01.core.ac.uk <1%

45 Internet

funme.njtech.edu.cn <1%

46 Internet

www.researchgate.net <1%

47 Publication

Meng Li, Zhiwei Lv, Junfeng Zheng, Jiahui Hu, Chao Jiang, Mitsuru Ueda, Xuan Zha… <1%

48 Publication

Suresh Sagadevan, Won-Chun Oh. "MXene Composites for Biological and Environ… <1%

49 Publication

Yimin Zeng, Zile Chen, Chunbo Zhao, Zhenzhou Tang, Maogang Wu, Feiyun Sun, … <1%

50 Publication

Raad H. Khudher, Ahmad A. Hasan, Talib M. Albayati, Sohrab Zendehboudi, Noori … <1%

51 Internet

eprints.lib.hokudai.ac.jp <1%

Page 6 of 16 - Integrity Overview Submission ID trn:oid:::3117:622036036

Page 6 of 16 - Integrity Overview Submission ID trn:oid:::3117:622036036

https://doi.org/10.1002/pat.70468
https://doi.org/10.1016/j.jaecs.2026.100538
https://doi.org/10.1080/25740881.2020.1738471
https://doi.org/10.1016/j.jhazmat.2024.134966
https://ebin.pub/nanofiltration-for-sustainability-reuse-recycle-and-resource-recovery-1nbsped-1032199490-9781032199498.html
https://files01.core.ac.uk/download/580118194.pdf
https://funme.njtech.edu.cn/deng.pdf
https://www.researchgate.net/publication/233873118_Effects_of_Chlorine_Exposure_Conditions_on_Physiochemical_Properties_and_Performance_of_a_Polyamide_Membrane-Mechanisms_and_Implications
https://doi.org/10.1021/acssuschemeng.6b02119
https://doi.org/10.1201/9781003658894
https://doi.org/10.1016/j.memsci.2026.126101
https://doi.org/10.1007/s42247-026-01363-1
https://eprints.lib.hokudai.ac.jp/repo/huscap/all/93681/Galvao_Fernandes_Helmano_Davi.pdf


Foulant-specific transformations of polysulfone membrane: A mechanistic 
study of shrimp feed and humic acid fouling with implications for 
Recirculating Aquaculture Systems (RAS)
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A B S T R A C T

The integration of ultrafiltration (UF) into recirculating aquaculture systems (RAS) is a promising strategy for 
managing organic wastewater contaminants, yet its efficacy is hindered by severe membrane fouling and 
physico-chemical transformation. This study investigates these challenges by evaluating polysulfone (PS) 
membrane under dead-end and cross-flow hydrodynamics. Performance was systematically assessed using 
shrimp feed (SF; 1.5–2.5 g L− 1) and humic acid (HA; 0.2–0.7 g L− 1) as aquaculture-relevant model foulants under 
varied operating pressures. The single-foulant systems were employed to isolate foulant-specific membrane re
sponses under controlled conditions rather than to reproduce the complete physicochemical composition of 
actual RAS water. Pristine and fouled membranes were characterized (MWCO, SEM, FTIR, contact angle) to 
elucidate fouling mechanisms. Post-operation analyses revealed distinct, foulant-specific surface transformations. 
Higher operating pressures were associated with more pronounced time-dependent flux deterioration, particu
larly during SF filtration, whereas HA maintained consistently high rejection across the investigated pressure 
range. Furthermore, Cross-flow operation exhibited higher mean flux than dead-end filtration under the inves
tigated conditions, with the configuration-associated enhancement being particularly pronounced for SF.

1. Introduction

The growth of the aquaculture industry continues to increase which 
simultaneously raises the demand for sustainable aquaculture waste
water management [1,2]. The Recirculating Aquaculture System (RAS) 
is an attractive option for contaminant removal through a series of in
tegrated processes, which results in a reduction in the amount of water 
consumption [3–5]. The primary objective of this process is to eliminate 
any unwanted substances and pathogens for water recycling purposes 
[6–8]. The uneaten feed and the animal excretions need to be minimized 
as both are ammonia contributors in aquaculture systems and are 
harmful to the animals living in the system [9,10].

It is commonly known that organic contaminant in aquaculture 
systems have diverse characteristics and sizes and are distributed 
randomly. Thus, conventional processes such as classification or 
centrifugation may not be effective in handling them [11]. In addition, 
the presence of protein in the system can lead to the formation of col
loids, thus making the coagulation-flocculation process as one of the 

potential techniques to solve this problem [12]. However, it is indis
pensable to minimize additional chemicals in the system. Therefore, the 
membrane filtration process which has no additional chemicals arises as 
an alternative to removing contaminants. Among the variety of pore size 
available, microfiltration (0.1 – 10 μm) and ultrafiltration (0.001 – 
0.01 μm) have the potential to replace the coagulation – flocculation 
process [13]. In addition, nanofiltration and reverse osmosis can also be 
used in aquaculture systems, although both processes generally require 
more energy than microfiltration or ultrafiltration [10,14,15]. Besides, 
Yong et al. have applied membrane distillation in aquaculture systems, 
which showed success in recovering ammonia up to 465 mg L− 1 (~23 
times the initial concentration at around 19.83 mg L− 1) [16]. Simulta
neously, almost all of the ammonia is rejected, resulting in a high sep
aration factor of 148 (only 0.04 mg L− 1 of ammonia is able to pass 
through the membrane).

Despite the advantages, the implementation of membrane processes 
in aquaculture remains limited by several challenges, including (1) low 
membrane selectivity, (2) high operating costs, (3) membrane fouling, 
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and (4) membrane degradation [17]. Among those obstacles, membrane 
fouling is the most difficult barrier to overcome. In addition, various 
factors also affect the occurrence of membrane fouling namely: (1) 
wastewater characteristics, (2) operating conditions, (3) membrane 
properties [18,19].

The membrane properties, such as porosity, tortuosity, hydrophi
licity, surface charge, pore size, and other physical properties, are 
crucial in separation processes. In general, membranes with hydrophilic 
properties are always preferred in aqueous-based separations, which 
cannot be separated from their high surface wettability and anti-fouling 
ability [20,21]. In addition, membranes with high surface wettability 
produce high flux without reducing their selectivity [22]. Furthermore, 
with certainty, the size ratio between contaminants and pore size can 
determine the existing fouling mechanism [18]. Overall, the relation
ship between membrane surface charge and isoelectric points of con
taminants is affected by pH. Up to now, the electrostatic repulsion 
between the membrane and the contaminants has resulted in lower 
fouling and increased flux [18].

Several membrane fouling studies are summarized in Table S1, 
indicating that fouling behavior is strongly dependent on membrane 
properties, foulant characteristics, solution chemistry, and operating 
conditions. Actual RAS water contains a complex mixture of feed- and 
fecal-derived organic matter, fine suspended solids and colloids, 
microbial-derived compounds, dissolved organic matter, nitrogen spe
cies, and inorganic constituents [23–25]. Feed input and feed-derived 
particles have been directly associated with increased membrane 
fouling in marine RAS, while the continuous recirculation of water 
promotes the accumulation and transformation of dissolved organic 
matter, including humic- and fulvic-type compounds [23,24]. Conse
quently, a single synthetic solution cannot reproduce the complete 
fouling environment of an operating RAS. Nevertheless, controlled 
model-foulant systems are useful for isolating membrane responses to 
chemically distinct foulant classes, and previous aquaculture membrane 
studies have employed shrimp-feed-derived organic matter and humic 
acid for this purpose [26]. Therefore, in this study, shrimp feed (SF) and 
humic acid (HA) were employed as aquaculture-relevant model foulants 
representing feed-derived and humic-type organic matter, respectively. 
The objective was to investigate their individual effects on the filtration 
performance and physicochemical properties of a commercial poly
sulfone ultrafiltration membrane under controlled laboratory condi
tions, rather than to reproduce the complete composition of actual RAS 
wastewater. The effects of operating pressure, foulant concentration, 
and filtration configuration were evaluated, while MWCO, SEM, FTIR, 
and water contact angle analyses were used to characterize the corre
sponding membrane transformations.

2. Material and methods

2.1. Materials

Commercial polysulfone (PS) ultrafiltration membranes with a 
nominal molecular weight cut-off (MWCO) of 20,000 Da were supplied 
by RisingSun Membrane Technology. Shrimp feed (SF; IRAWAN 681 V, 
Central Proteina Prima Indonesia) and humic acid (HA; Sigma-Aldrich) 
were used as aquaculture-relevant model foulants. The shrimp feed 
contained protein (>30%), crude fiber (<4%), fat (>5%), moisture 
(<12%), and ash (<11%). Sodium chloride (NaCl), hydrochloric acid 
(HCl), sulfuric acid (H2SO4), phenol (C6H5OH), glucose (C6H12O6), su
crose (C12H22O11), and dextran standards with molecular weights of 
1–40 kDa were used for feed preparation and membrane characteriza
tion. Deionized water produced in the laboratory, with a conductivity of 
approximately 15 μS cm− 1 and total dissolved solids of approximately 
11 mg L− 1, was used throughout the experiments.

2.2. Methods

2.2.1. Filtration feed preparation
Shrimp feed was ground and sieved to obtain particles smaller than 

200 mesh. The sieved particles were then dispersed in deionized water at 
concentrations of 1.5, 2.0, and 2.5 g L− 1. The suspensions were ho
mogenized using an IKA T25 digital ULTRA-TURRAX® at 20,000 rpm 
for 5 min at 25 ± 2 ◦C, followed by filtration to remove residual large 
particles. The resulting filtrate was exposed to UV-C irradiation to 
minimize microbial growth before use in the filtration experiments. 
Humic acid solutions were prepared separately at concentrations of 0.2, 
0.4, and 0.7 g L− 1. NaCl was added to each feed solution at 10 g L− 1 to 
provide a simplified saline background relevant to low-salinity shrimp 
aquaculture conditions [27]. The NaCl-based medium was used to 
control ionic background and was not intended to reproduce the com
plete ionic composition of actual RAS water.

SF and HA were investigated separately as single-foulant challenge 
solutions to enable controlled comparison of their individual membrane- 
fouling behavior. Previous aquaculture membrane studies have 
employed residual shrimp feed and HA as model organic foulants [26]. 
However, the SF concentrations employed in the present study 
(1.5–2.5 g L− 1) are higher than the 0.3–0.8 g L− 1 shrimp-feed range 
previously investigated by Widiasa et al. [26]. Similarly, the HA con
centrations used here (0.2–0.7 g L− 1) are within or above the upper 
range of high-concentration model-fouling studies; for example, HA 
concentrations of 50–150 mg L− 1 and 500 mg L− 1 have been employed 
in accelerated membrane-fouling evaluations [28,29]. Accordingly, the 
present concentrations are interpreted as accelerated fouling conditions 
designed for comparative mechanistic evaluation rather than as envi
ronmentally representative concentrations of actual RAS water. There
fore, the resulting fouling rates should not be quantitatively 
extrapolated to full-scale RAS operation.

2.2.2. Filtration procedure
The filtration experiments were organized into three experimental 

sets (See Fig. 1). The effect of operating pressure was evaluated under 
stirred dead-end filtration at 3, 5, 7, and 10 bar using SF at 2.0 g L− 1 or 
HA at 0.4 g L− 1. The effect of foulant concentration was evaluated under 
dead-end filtration at a fixed pressure of 5 bar using SF concentrations of 
1.5, 2.0, and 2.5 g L− 1 and HA concentrations of 0.2, 0.4, and 0.7 g L− 1. 
Filtration-configuration effects were evaluated separately at 5 bar by 
comparing dead-end and cross-flow operation using SF at 2.0 g L− 1 and 
HA at 0.4 g L− 1. All experiments were conducted at 25 ± 2 ◦C.

Prior to filtration, PS membrane coupons were immersed in deion
ized water for 24 h. Pure-water filtration was subsequently performed to 
establish the baseline membrane response. Dead-end filtration was 
conducted using a stirred cell with an effective membrane area of 
15.9 cm2, with N2 gas providing the transmembrane pressure and 
continuous stirring at 500 rpm. Cross-flow experiments were conducted 
using a Sterlitech Explorer CF042P cell with an effective membrane area 
of approximately 42 cm2 and a hold-up volume of 17 mL. The feed was 
recirculated at approximately 1.0 L min− 1, corresponding to an average 
cross-flow velocity of approximately 0.18 m s− 1, calculated from the 
volumetric recirculation rate and the cross-sectional area of the flow 
channel. Prior to foulant filtration, pure-water flux was measured using 
the pristine PS membrane under the corresponding operating pressures. 
For dead-end filtration, pure-water measurements were conducted at 3, 
5, 7, and 10 bar to establish the pressure-dependent baseline membrane 
response. These measurements were used as clean-water controls for 
distinguishing pressure-related changes in membrane permeability from 
additional resistance arising during foulant filtration. The corresponding 
pure-water flux profiles are provided in Fig. S1. The upper pressure of 
10 bar was included as a high-pressure challenge condition to evaluate 
the membrane response over an extended operating range and should 
not be interpreted as a recommended operating pressure for RAS 
ultrafiltration.
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Permeate volume and the corresponding elapsed filtration time were 
recorded throughout filtration and used to calculate permeate flux ac
cording to Eq. (1). 

J=
V

A.t
(1) 

where V, t, A are volume permeate (L), time (h), active membrane area 
(m2), respectively.

Filtration duration varied according to the permeation behavior of 
each condition rather than being fixed across all experiments. For the PS 
cross-flow experiments conducted at 5 bar, cumulative permeate 
collection reached 80 mL after approximately 63.9 min for SF and 
50.9 min for HA. The initial feed volume required to determine con
ventional permeate recovery could not be reliably reconstructed from 
the archived experimental records; therefore, recovery was not used as a 
basis for quantitative interpretation of the filtration results.

Foulant concentrations in the initial feed and permeate were quan
tified by UV–Vis spectrophotometry using foulant-specific calibration 
curves. SF and HA were analyzed at wavelengths of 280 and 255 nm, 
respectively, following the UV–Vis approach previously applied for 
aquaculture-relevant organic foulants [26]. For SF, the calibration 
relationship was A = 0.0754C− 0.0053 (R2 = 0.999), whereas for HA the 
relationship was A = 3.6623C− 0.0343 (R2 = 0.998), where A represents 
absorbance and C represents the corresponding foulant concentration (g 
L− 1). The concentrations determined for the initial feed and permeate 
were used as CF and CP, respectively, to calculate rejection according to 
Eq. (2). 

R=

(

1 −
CP

CF

)

× 100% (2) 

where CP and CF are the permeate concentration (g.L− 1) and the initial 
feed concentration (g.L− 1), respectively.

2.2.3. Membrane characterization
The membranes were systematically characterized to determine their 

pore size, hydrophobicity, morphology, and surface chemistry. Pore size 
was evaluated by the molecular weight cut-off (MWCO), defined as the 
molecular weight at 90% solute rejection. These tests were conducted at 
25 ◦C and 5 bar using 200 mg/L organic solute solutions. Solute con
centrations were quantified via the phenol-sulfuric acid method and 
measured with a UV-Vis spectrophotometer [Thermo Scientific™, Evo
lution™ 60S]. Membrane surface morphology was visualized by Scan
ning Electron Microscopy (SEM) [Hitachi, Flexsem 1000]. For SEM 
characterization, the SF concentration series (1.5, 2.0, and 2.5 g L− 1) 
and HA concentration series (0.2 and 0.4 g L− 1) were obtained under 
dead-end filtration at a fixed pressure of 5 bar. Configuration-associated 
morphology was evaluated at 5 bar using SF at 2.0 g L− 1 and HA at 
0.4 g L− 1 under both dead-end and cross-flow operation. Surface hy
drophobicity was determined by static water contact angle measure
ments [DataPhysics Instruments, OCA25]. Meanwhile, surface 
functional groups were identified using Fourier Transform Infrared 
(FTIR) spectroscopy [Shimadzu, IRTracer–100] over a wavenumber 
range of 4000–450 cm− 1. Post-filtration WCA and FTIR analyses were 
performed using PS membrane samples obtained at 5 bar. The SF- 
exposed sample corresponded to filtration with 2.0 g L− 1 SF, whereas 
the HA-exposed sample corresponded to filtration with 0.4 g L− 1 HA.

Fig. 1. Experimental setups and corresponding separation mechanisms for (a, c) dead-end stirred and (b, d) cross-flow filtration modes.
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2.2.4. Statistical analysis
Quantitative filtration-performance experiments were performed in 

triplicate. Statistical analyses were performed using MATLAB R2025b 
(MathWorks, USA), with statistical significance defined at p < 0.05. For 
the dead-end filtration experiments, the effects of operating pressure 
and foulant concentration on permeate flux and rejection were evalu
ated separately for SF and HA using one-way analysis of variance 
(ANOVA), followed by Tukey's honestly significant difference (HSD) test 
for pairwise comparisons. For the comparison between dead-end and 
cross-flow filtration, two-way ANOVA was used to evaluate the effects of 
foulant type, filtration configuration, and their interaction on flux and 
rejection. Within-foulant comparisons between cross-flow and dead-end 
filtration were additionally evaluated using Welch's independent- 
samples t-test. Detailed statistical results are provided in Table S2–S5
of the Supplementary Data.

3. Results and discussion

3.1. Correlation of membrane characteristics with fouling phenomena

As previously mentioned, the characteristics of membranes are 
crucial for the successful implementation of ultrafiltration (UF) in the 
treatment of aquaculture wastewater. This analysis provides a compre
hensive examination of the specific roles played by pore size, hydro
philicity, and surface chemistry [30,31]. The pore size of the membrane, 
indicated by its Molecular Weight Cut-Off (MWCO), serves as the prin
cipal mechanism for selectivity, operating through a size exclusion 
process.[32]. Nevertheless, the pore structure alone does not determine 
performance within this complex matrix. Membrane hydrophilicity is 
equally significant; a highly hydrophilic surface tends to reduce the 
adsorption of organic foulants, primarily proteins and carbohydrates, 
which are prevalent in aquaculture systems. This surface wettability is, 
in turn, influenced by the functional groups present on the membrane 

Fig. 2. (A) Rejection curve for MWCO determination of the pristine PS membrane at 5 bar; (B) water contact angle of pristine PS (PS1), PS after filtration with 
2.0 g L− 1 SF at 5 bar (PS2), and PS after filtration with 0.4 g L− 1 HA at 5 bar (PS3); and (C) FTIR spectra of the corresponding pristine, SF-exposed, and HA-exposed 
PS membranes.
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surface.[30,31]. The interdependence among these three factors is 
crucial for comprehending the overall processes of separation and 
fouling.

3.1.1. Pristine membrane characterization
Characterization of the pristine PS UF membrane established its 

baseline properties. The MWCO was experimentally determined to be 
~24 kDa (Fig. 2A), which is in close agreement with the manufacturer's 
reported value of 20 kDa. The slight discrepancy is likely attributable to 
differences in measurement methodologies and operating conditions. 
This MWCO confirms the membrane's theoretical capacity to reject large 
macromolecules, such as proteins and carbohydrates, via size exclusion 
[33].

Analysis by FTIR (Fig. 2C) confirmed the characteristic functional 
groups of the PS polymer. Key peaks were identified for the sulfone 
group (O––S––O), with symmetric and asymmetric stretching vibrations 
observed at 1159 cm− 1 and 1231 cm− 1, respectively [34]. Other sig
nificant peaks included the asymmetric C-O-C stretch of the aromatic 
ether at ~1248 cm− 1, aromatic C––C stretching at 1682 cm− 1, and ar
omatic C-H bending in the fingerprint region at 849 cm− 1. Aliphatic C-H 
stretching from methyl groups was also detected at 2869 cm− 1 [35].

Wettability analysis (Fig. 2B) showed the pristine membrane surface 
to be moderately hydrophilic, leaning towards hydrophobic, with a 
water contact angle (WCA) of 62.74◦. This inherent wettability is 
attributed to the sulfone (O––S––O) and ether (C-O-C) groups [34]. The 
oxygen atoms in these groups possess lone electron pairs, allowing the 
molecules as hydrogen bond acceptors for water molecules.

3.1.2. Post-operation analysis: SF-induced organic fouling
Membrane autopsy following operation with SF revealed a distinct 

surface transformation associated with the deposition of feed-derived 
organic material. As shown in Fig. 2C, several new FTIR features 
emerged after SF filtration, indicating changes in the chemical compo
sition of the membrane surface. A prominent band at approximately 
1550 cm− 1 is consistent with Amide II-associated vibrations, involving 
N–H bending and C–N stretching, while the feature observed in the 
Amide III region at approximately 1350 cm− 1 provides additional evi
dence of proteinaceous material associated with the fouled surface [36]. 
The broad O–H stretching band at approximately 3200 cm− 1, together 
with the C–O-associated feature around 1050 cm− 1, is consistent with 
hydroxyl- and carbohydrate/polysaccharide-like functionalities. 
FTIR-based characterization of organic membrane fouling similarly as
sociates amide- and carbohydrate-related spectral regions with pro
teinaceous and polysaccharide-containing foulants [36].

Collectively, these spectral changes support the deposition of an SF- 
derived organic layer containing proteinaceous and polysaccharide-like 
components. However, FTIR identifies chemical functionalities and does 
not by itself establish the three-dimensional organization of these 
components as a protein–polysaccharide gel layer. The corresponding 
change in membrane wettability provides complementary evidence of 
surface transformation. For the SF-exposed membrane characterized 
after filtration at 5 bar, the WCA decreased from 62.74◦ for pristine PS to 
47.78◦ (Fig. 2B), indicating increased surface hydrophilicity. The lower 
WCA is consistent with the presence of polar functionalities within the 
deposited organic material, which can increase the affinity of the surface 
toward water through interactions involving hydroxyl- and amide- 
containing groups [33,37]. Thus, the combined FTIR and WCA obser
vations support an SF-induced transformation in both the surface 
chemistry and wettability of the PS membrane.

3.1.3. Post-operation analysis: HA fouling
In contrast, post-operation characterization following HA filtration 

revealed a surface transformation distinct from that observed for SF. For 
the HA-exposed membrane characterized at 5 bar, the WCA increased 
slightly from 62.74◦ to 66.92◦ (Fig. 2B), indicating a modest increase in 
surface hydrophobicity. FTIR showed a broad O–H band around 

3350 cm− 1, O–H bending near 1410 cm− 1, and aliphatic C–H-associated 
features around 1468 cm− 1, consistent with HA-derived functionalities 
on the membrane surface [38]. Together, the FTIR and WCA results 
indicate that HA deposition altered the membrane–water interfacial 
properties in a manner distinct from SF exposure, although the spectral 
data do not independently establish the molecular organization of the 
deposited HA layer [39].

3.1.4. Morphological transformation and foulant-specific deposition
Surface morphological analysis provided complementary qualitative 

evidence of foulant-specific deposition on the PS membrane (Fig. 3). The 
pristine PS membrane exhibited a comparatively clean and uniform 
surface, whereas membranes exposed to either SF or HA showed clear 
deposition and substantial changes in surface morphology. For the dead- 
end configuration, the revised SEM comparison was conducted at a fixed 
pressure of 5 bar, enabling the effects associated with foulant concen
tration to be examined without simultaneously varying pressure. SF- 
exposed membranes at 1.5–2.5 g L− 1 exhibited comparatively fine and 
dispersed surface deposits, with differences in surface coverage and 
deposit morphology across the investigated concentrations. In contrast, 
HA-exposed membranes exhibited more heterogeneous and aggregate- 
like deposits. These morphological differences are consistent with the 
known foulant-specific nature of organic membrane fouling, in which 
chemically distinct macromolecular and humic substances can exhibit 
different deposition, pore-blocking, and cake-growth behavior [40]. The 
influence of filtration configuration was further examined under 
matched conditions at 5 bar using SF at 2.0 g L− 1 and HA at 0.4 g L− 1. 
For both foulants, the cross-flow samples exhibited deposition patterns 
that differed from the corresponding dead-end samples. This observa
tion is consistent with the influence of tangential flow and 
membrane-surface shear on foulant accumulation and concentration 
polarization during cross-flow filtration [41,42]. However, SEM pro
vides qualitative surface-morphology information rather than quanti
tative measurements of deposit mass, thickness, mechanical properties, 
or hydraulic resistance. The SEM observations are therefore interpreted 
together with the filtration-performance results rather than as inde
pendent proof of a specific fouling mechanism.

3.2. Membrane filtration performance

Membrane performance was evaluated according to the procedures 
previously described. The results are presented to correlate the mem
brane's physical and chemical characterization with its separation effi
cacy (flux and rejection) under varied operating pressures and foulant 
concentrations.

3.2.1. Performance with SF foulant
Filtration experiments utilizing the SF-containing solution demon

strated a distinct pressure-dependent flux behavior. At lower trans
membrane pressures (3 and 5 bar), the membrane showed a 
comparatively smaller time-dependent change in flux, whereas a more 
pronounced decline was observed at 7 and 10 bar (Fig. 4A). Statistical 
analysis confirmed that operating pressure significantly affected 
permeate flux during SF filtration (one-way ANOVA, F(3,8) = 24.36, 
p < 0.001), whereas no statistically significant pressure effect was 
detected for SF rejection (F(3,8) = 3.36, p = 0.076). Tukey's HSD 
analysis showed that the flux at 3 bar differed significantly from those at 
5, 7, and 10 bar, while the 10-bar flux was also significantly higher than 
that at 5 bar (Table S3). No significant difference was detected between 
5 and 7 bar or between 7 and 10 bar. The pure-water controls also 
exhibited some pressure-dependent flux decline, particularly at 10 bar 
(Fig. S1), indicating that intrinsic membrane compaction may 
contribute to the observed behavior. During SF filtration, the additional 
time-dependent resistance may further arise from enhanced foulant 
transport, accumulation, and compression of the deposited organic layer 
at elevated pressure. Therefore, the observed flux decline is interpreted 
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as the combined effect of pressure-induced membrane response and 
foulant-associated resistance rather than membrane compaction alone. 
The protein-, carbohydrate-, and lipid-containing SF matrix may 
consequently form a compressible surface deposit, with increasing 
pressure potentially promoting closer packing of the accumulated fou
lant layer.

Variation in bulk SF concentration produced only limited changes in 
filtration performance within the investigated range. No statistically 
significant concentration effect was detected for either permeate flux (F 
(2,6) = 3.07, p = 0.121) or rejection (F(2,6) = 1.89, p = 0.231), and 
Tukey's HSD analysis identified no significant pairwise differences 
among 1.5, 2.0, and 2.5 g L− 1 SF (Tables S2 and S3). These results 
indicate that, within the investigated concentration range, bulk SF 
concentration alone did not explain the observed variation in membrane 
performance. This observation indicates that the fouling mechanism is 
not exclusively reliant on the bulk foulant concentration. Other signifi
cant factors, such as protein-membrane and protein-protein in
teractions, are crucial determinants of fouling [43]. Moreover, the 
interactions between proteins and other constituents of the feed matrix, 
such as carbohydrates, lipids, and ash, are likely to contribute to the 
structure of the fouling layer. The inherent ash content of SF is known to 
contain ionized minerals (e.g., Ca, Mg, P, K, and Na), which can influ
ence these interactions [44]. Furthermore, NaCl was incorporated into 
the feed solution to provide a simplified saline background relevant to 
low-salinity shrimp aquaculture rather than to reproduce the complete 

ionic composition of actual RAS water [27]. Ionic composition may in
fluence organic fouling because membrane–foulant and foulant–foulant 
interactions can change in the presence of dissolved ions [45,46]. In the 
present study, however, NaCl concentration was fixed at 10 g L− 1; 
therefore, the effect of salinity or ionic strength was not independently 
investigated. Further studies incorporating systematic ionic-strength 
variation and multivalent ions are required to clarify ion–protein in
teractions in this system.

3.2.2. Performance with HA foulant
Using an identical testing methodology, the membrane's perfor

mance against the HA foulant was evaluated. The characteristic flux 
decline observed during HA filtration (Fig. 4D) indicates the progressive 
development of filtration resistance across the investigated pressures. 
Such behavior is consistent with the combined effects of concentration 
polarization, HA accumulation, and the development of additional 
foulant-associated resistance during ultrafiltration [29,47]. Operating 
pressure also significantly affected permeate flux during HA filtration (F 
(3,8) = 18.47, p < 0.001), whereas HA rejection did not exhibit a sig
nificant pressure-dependent response (F(3,8) = 0.00, p = 1.000) 
(Table S2). Tukey's HSD analysis showed significantly higher flux at 
7 bar than at 3 bar and at 10 bar than at 3 and 5 bar, whereas the 
remaining pressure comparisons were not statistically significant 
(Table S3). Increasing pressure increased the absolute permeate flux, 
while time-dependent flux decline remained evident. Because the 

Fig. 3. Pristine and Post-treated Membrane surfaces characterization using SEM at 10,000× magnification.
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pure-water controls also showed pressure-related flux changes, partic
ularly at 10 bar, the present data cannot quantitatively distinguish 
intrinsic membrane compaction from HA-induced resistance. At 
elevated transmembrane pressure, both pressure-dependent membrane 
response and compression of accumulated foulant layers may contribute 
to the observed decline in permeability [47]. The observed behavior is 
therefore interpreted as resulting from combined contributions of 
membrane compaction, concentration polarization, and HA deposition. 
Hydrophobic interactions involving HA can further contribute to 

persistent or hydraulically irreversible membrane fouling [48]. Despite 
the decline in flux, the membrane exhibited excellent and consistent 
rejection performance, maintaining over 90% rejection across the entire 
pressure range. Similar to the SF trials, filtration performance showed 
only limited variation with bulk HA concentration within the investi
gated range.

3.2.3. Effect of filtration configuration: dead-end vs. cross-flow
Comparison of dead-end and cross-flow filtration revealed that the 

Fig. 4. Dead-end filtration performance of the PS membrane with (A-C) SF and (D-F) HA foulants. (A, D) Flux decline profiles; (B, E) Effect of operating pressure on 
flux and rejection; (C, F) Effect of feed concentration on flux and rejection.

Fig. 5. Comparative Performance of Dead-End (DE) and Cross-Flow (CF) Filtration Modes at 5 bar.
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configuration-associated effect on membrane performance depended on 
foulant type (Fig. 5). Two-way ANOVA showed significant effects of 
foulant type (F(1,8) = 147.29, p < 0.001) and filtration configuration (F 
(1,8) = 40.87, p < 0.001) on permeate flux, together with a significant 
foulant configuration interaction (F(1,8) = 9.21, p = 0.016) (Table S4). 
The significant interaction indicates that the magnitude of the 
configuration-associated flux difference was not identical for SF and HA. 
Subsequent within-foulant comparisons showed that cross-flow filtra
tion produced a significantly higher flux than dead-end filtration for SF 
(p = 0.018), whereas the corresponding difference for HA was not sta
tistically significant (p = 0.110) (Table S5). Thus, the configuration- 
associated enhancement in flux was particularly pronounced for SF. In 
contrast, filtration configuration did not significantly affect rejection (F 
(1,8) = 0.49, p = 0.503), and no significant foulant × configuration 
interaction was detected for rejection (F(1,8) = 0.22, p = 0.652). Foulant 
type itself significantly affected rejection (F(1,8) = 14.00, p = 0.006), 
with HA exhibiting higher mean rejection than SF under the investigated 
conditions. Within-foulant Welch tests likewise showed no significant 
CF–DE difference in rejection for either HA (p = 0.855) or SF (p = 0.507) 
(Tables S4 and S5).

These findings indicate that the principal configuration-associated 
response was observed in membrane productivity rather than solute 
rejection. The higher SF flux under cross-flow operation is consistent 
with reduced foulant accumulation and concentration polarization 
under tangential flow [49]. However, because the dead-end and 
cross-flow experiments employed different filtration cells and mem
brane areas, the statistically observed differences should be interpreted 
as configuration-associated effects rather than being attributed exclu
sively to hydrodynamics.

3.3. Practical significance and implications

The present results provide laboratory-scale evidence that operating 
pressure, foulant identity, and filtration configuration influence the 
behavior of PS ultrafiltration membranes under aquaculture-relevant 
model-foulant conditions. Within the investigated pressure range, 
elevated pressure did not necessarily translate into proportionally 
improved separation performance and was associated with greater time- 
dependent filtration resistance, particularly during SF filtration. These 
observations indicate that increasing transmembrane pressure alone 
may not be an effective strategy for sustaining UF performance when 
organic fouling is dominant. However, because energy consumption was 
not measured, the present study does not permit quantitative conclu
sions regarding energy efficiency or the energetic optimum of the 
filtration process.

The cross-flow experiments exhibited higher and more stable 
permeate flux than the corresponding dead-end experiments under the 
investigated conditions. This behavior is consistent with the ability of 
tangential flow to influence concentration polarization and foulant 
accumulation at the membrane surface. Nevertheless, the two configu
rations were operated using different filtration cells and membrane 
areas; therefore, the observed performance difference should not be 
attributed exclusively to hydrodynamics. The present results conse
quently support further evaluation of cross-flow operation for fouling 
control rather than demonstrating a definitive operational advantage for 
full-scale RAS.

The practical implications of the present study should also be 
interpreted within the limitations of the model-foulant experimental 
design. Actual RAS water contains feed- and fecal-derived organic 
matter, fine suspended and colloidal solids, microbial-derived com
pounds, dissolved organic matter, nitrogen species, and inorganic con
stituents that may interact during membrane filtration [23–25]. These 
multicomponent interactions are not reproduced by the isolated SF and 
HA solutions used here. Moreover, the elevated foulant concentrations 
represent accelerated challenge conditions rather than quantitative 
simulations of actual RAS water. Cleaning frequency, membrane 

lifetime, energy demand, long-term flux recovery, and operating costs 
were not evaluated and therefore cannot be inferred from the present 
experiments.

Accordingly, the findings are best interpreted as a controlled mech
anistic basis for identifying operating variables and foulant-specific re
sponses that should be considered in subsequent RAS-oriented UF 
studies. Validation using actual RAS water or appropriately character
ized multicomponent model matrices, together with longer-duration 
cross-flow operation, cleaning and flux-recovery experiments, and en
ergy assessment, will be required before recommendations regarding 
full-scale operating pressure, cleaning strategy, or process economics 
can be established.

4. Conclusions

This study provides a mechanistic understanding of foulant-specific 
transformations of polysulfone ultrafiltration membranes under 
controlled aquaculture-relevant model-foulant conditions. Shrimp-feed 
exposure produced an organic surface deposit containing proteina
ceous and polysaccharide-like functionalities and was accompanied by 
increased membrane hydrophilicity, whereas HA exposure produced 
more heterogeneous aggregate-like deposits together with a modest 
increase in surface hydrophobicity. Elevated pressures were associated 
with greater filtration resistance for both foulant systems, with a more 
pronounced deterioration in flux stability observed during SF filtration 
at 7–10 bar. Pure-water controls indicated that intrinsic pressure- 
dependent membrane compaction may also contribute at high pres
sure; therefore, the observed flux decline cannot be attributed exclu
sively to foulant deposition. Cross-flow filtration exhibited higher and 
more stable flux than dead-end filtration under the investigated condi
tions, although differences in module geometry and membrane area 
prevent attribution of this performance difference exclusively to hy
drodynamics. Collectively, these findings provide a controlled mecha
nistic basis for understanding foulant-specific UF behavior relevant to 
aquaculture water treatment; however, validation using actual RAS 
water is required before the observed trends can be extrapolated to long- 
term or full-scale operation.
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Notation

RAS : Recirculating Aquaculture Systems

PS : Polysulfone ​
PVDF : Polyvinylidene fluoride ​
PP : Polypropylene ​
PES : Polyethersulfone ​
SF : Shrimp Feed ​
HA : Humic Acid ​
Q : Flow rate L.h− 1

T : Temperature ◦C
P : Pressure bar/kPa/mPa
S : Agitation speed rpm
D : Diameter m
J : Permeate Flux L.m− 2.h− 1

V : Volume L
A : Active area m2

t : Time h
R : Rejection %
CP : Permeate Concentration g.L− 1

CF : Feed Concentration g.L− 1

RS : Stokes Radii nm
RP : Pore Radii nm
MWCO : Molecular Weight Cut-Off Da
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SJR

The SJR is a size-independent prestige indicator that ranks journals by

their 'average prestige per article'. It is based on the idea that 'all

citations are not created equal'. SJR is a measure of  scientific

influence of journals that accounts for both the number of citations

received by a journal and the importance or prestige of the journals

where such citations come from It measures the scientific influence of

the average article in a journal, it expresses how central to the global

scientific discussion an average article of the journal is. Get Study

Guides

Year SJR

Total Documents

Evolution of the number of published documents. All types of

documents are considered, including citable and non citable

documents.

Year Documents

2020 60

2021 99

2022 108

2023 265

2024 481

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document and external

citation per document (i.e. journal self-citations removed) received by a

journal's published documents during the three previous years. External

citations are calculated by subtracting the number of self-citations from

the total number of citations received by the journal’s documents.

Cites Year Value

External Cites per document 2020 0

External Cites per document 2021 7.683

External Cites per document 2022 7.818

% International Collaboration

International Collaboration accounts for the articles that have been

produced by researchers from several countries. The chart shows the

ratio of a journal's documents signed by researchers from more than one

country; that is including more than one country address.

Year International Collaboration

2020 40.00

2021 44.44

2022 34.26

2023 32.83

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years windows, that have

been cited at least once vs. those not cited during the following year.

Documents Year Value

Uncited documents 2020 0

2021 2022 2023 2024 2025

1.08

1.14

1.2

1.26
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Documents Year Value

Uncited documents 2021 10

Uncited documents 2022 16

Uncited documents 2023 25

Uncited documents 2024 48

% Female Authors

Evolution of the percentage of female authors.

Year Female Percent

2020 32.37

2021 37.99

2022 33.79

2023 32.71

2024 37.76

2025 36.31

Estimated APC

It estimates the article processing charges (APCs) a journal might

charge, based on its visibility, prestige, and impact as measured by the

SJR. It does not reflect the actual APC, but rather a calculated

approximation based on journal quality.

Year Est. APC (USD)

2020

2021 3404

2022 3439

2023 3455

Estimated  financial value

It represents the potential financial worth of a journal. It is obtained by

multiplying the journal's Estimated APC by the total number of citable

documents published over the past five years. This value reflects the

hypothetical revenue a journal could generate based on its estimated

publication costs and scholarly output.

Year Est. value (USD)

2020

2021 336993

2022 711829

Total Cites  Self-Cites

Evolution of the total number of citations and journal's self-citations

received by a journal's published documents during the three previous

years.

Journal Self-citation is defined as the number of citation from a journal

citing article to articles published by the same journal.

Cites Year Value

Self Cites 2020 0

Self Cites 2021 17

S lf Cit 2022 34
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This indicator counts the number of citations received by documents

from a journal and divides them by the total number of documents

published in that journal. The chart shows the evolution of the average

number of times documents published in a journal in the past two, three

and four years have been cited in the current year. The two years line is

equivalent to journal impact factor ™ (Thomson Reuters) metric.

Cites per document Year Value

Cites / Doc. (4 years) 2020 0.000

Cites / Doc. (4 years) 2021 7.967

Cites / Doc. (4 years) 2022 8.031

Cites / Doc. (4 years) 2023 8.322

Cites / Doc. (4 years) 2024 8.936

Cites / Doc. (4 years) 2025 8.502

Cites / Doc. (3 years) 2020 0.000

Cites / Doc. (3 years) 2021 7.967

Cites / Doc. (3 years) 2022 8.031

Cites / Doc. (3 years) 2023 8.322

Cites / Doc. (3 years) 2024 8.773

Cites / Doc. (3 years) 2025 8.066

Citable documents  Non-citable documents

Not every article in a journal is considered primary research and

therefore "citable", this chart shows the ratio of a journal's articles

including substantial research (research articles, conference papers and

reviews) in three year windows vs. those documents other than research

articles, reviews and conference papers.

Documents Year Value

Non-citable documents 2020 0

Non-citable documents 2021 1

N it bl d t 2022 17

Documents cited by public policy (Overton)

Evolution of the number of documents cited by public policy documents

according to Overton database.

Documents Year Value

Overton 2020 8

Overton 2021 11

Overton 2022 6

Overton 2023 5

Overton 2024 4

Overton 2025 0
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Metrics based on Scopus® data as of March 2026

Documents related to SDGs (UN)

Evolution of the number of documents related to Sustainable

Development Goals defined by United Nations. Available from 2018

onwards.
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Date: Jun 13, 2026
To: "Candra Wijaya" candrawijaya.210419@gmail.com;candrawijaya@staff.ubaya.ac.id
From: "Case Studies in Chemical and Environmental Engineering" noreply_EMsupport@elsevier.com
Subject: Confirming submission to Case Studies in Chemical and Environmental Engineering

                    
*This is an automated message.*

    

Manuscript Number: CSCEE-D-26-00428   

 

Foulant-Specific Transformations of Polysulfone Membrane: A Mechanistic Study of Shrimp Feed and Humic Acid Fouling for 
Recirculating Aquaculture Systems (RAS) Application  

 

Dear Dr. Wijaya,    

 

We have received the above referenced manuscript you submitted to Case Studies in Chemical and Environmental 
Engineering. It has been assigned the following manuscript number: CSCEE-D-26-00428.

 

If you have transferred your submission from another journal, please note the following important information. In this 
journal, Elsevier's Scientific Handling Editors manage the peer review and decision process for manuscripts transferred 
from other journals. They will perform an initial check for major concerns at the point of submission, and will defer a final 
judgement on the suitability of your manuscript for Case Studies in Chemical and Environmental Engineering until they 
have received peer reviewer comments.

 

Note that peer reviewer feedback is used to provide input on the strengths of your manuscript as well as potential areas 
for improvement. The Editor handling your manuscript remains solely responsible for the final decision on whether your 
manuscript meets the publication requirements of Case Studies in Chemical and Environmental Engineering. Submissions 
which are scientifically sound and technically correct but do not meet the journal criteria may be offered the option to 
transfer to alternative journals. Performing peer review and revisions prior to the transfer offer can improve the chances of 
acceptance in the offered journals.

 

To track the status of your manuscript, please log in as an author at https://www.editorialmanager.com/CSCEE/, and 
navigate to the "Submissions Being Processed" folder.    

 

Thank you for submitting your revision to this journal.

 

Kind regards,  

Case Studies in Chemical and Environmental Engineering    

 

More information and support 

 

You will find information relevant for you as an author on Elsevier’s Author Hub: https://www.elsevier.com/authors

FAQ: How can I reset a forgotten password? 
https://service.elsevier.com/app/answers/detail/a_id/28452/supporthub/publishing/ 
For further assistance, please visit our customer service site: 
https://service.elsevier.com/app/home/supporthub/publishing/
Here you can search for solutions on a range of topics, find answers to frequently asked questions, and learn more about 
Editorial Manager via interactive tutorials. You can also talk 24/7 to our customer support team by phone and 24/7 by live 
chat and email
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#AU_CSCEE#

 

To ensure this email reaches the intended recipient, please do not delete the above code.

In compliance with data protection regulations, you may request that we remove your personal registration details at any time.  
(Remove my information/details). Please contact the publication office if you have any questions.
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Date: Jul 28, 2026
To: "Candra Wijaya" candrawijaya.210419@gmail.com;candrawijaya@staff.ubaya.ac.id
cc: vnaddeo@unisa.it, editor@vincenzonaddeo.it
From: "Case Studies in Chemical and Environmental Engineering" noreply_EMsupport@elsevier.com
Subject: Decision on your submission to Case Studies in Chemical and Environmental Engineering

                    

Manuscript Number: CSCEE-D-26-00428   

Foulant-Specific Transformations of Polysulfone Membrane: A Mechanistic Study of Shrimp Feed and Humic Acid Fouling for 
Recirculating Aquaculture Systems (RAS) Application 

Dear Dr. Wijaya,   

Thank you for submitting your manuscript to Case Studies in Chemical and Environmental Engineering.  

I have completed my evaluation of your manuscript. The reviewers recommend reconsideration of your manuscript 
following revision. I invite you to resubmit your manuscript after addressing the comments below. Please resubmit your 
revised manuscript by Aug 18, 2026.
  
When revising your manuscript, please consider all issues mentioned in the reviewers' comments carefully: please outline 
in a cover letter every change made in response to their comments and provide suitable rebuttals for any comments not 
addressed. Please note that your revised submission may need to be re-reviewed.    

To submit your revised manuscript, please log in as an author at https://www.editorialmanager.com/cscee/, and navigate 
to the "Submissions Needing Revision" folder under the Author Main Menu. 

 

Research Elements (optional)
This journal encourages you to share research objects - including your raw data, methods, protocols, software, hardware 
and more – which support your original research article in a Research Elements journal. Research Elements are open 
access, multidisciplinary, peer-reviewed journals which make the objects associated with your research more discoverable, 
trustworthy and promote replicability and reproducibility. As open access journals, there may be an Article Publishing 
Charge if your paper is accepted for publication. Find out more about the Research Elements journals at 
https://www.elsevier.com/authors/tools-and-resources/research-elements-journals?
dgcid=ec_em_research_elements_email.

Case Studies in Chemical and Environmental Engineering values your contribution and I look forward to receiving your 
revised manuscript.
  
Kind regards,   
Long Nghiem, PhD   
Editor in Chief   
Case Studies in Chemical and Environmental Engineering  
 
Editor and Reviewer Comments:   

Reviewer #1: The manuscript addresses a relevant topic by comparing shrimp-feed- and humic-acid-induced fouling of 
polysulfone ultrafiltration membranes under different pressures and hydrodynamic conditions. The combination of filtration 
performance with SEM, FTIR, contact-angle, and MWCO analyses is potentially useful. However, substantial concerns 
remain regarding the representativeness of the simulated RAS conditions, incomplete reporting of the experimental design 
and cross-flow parameters, unclear foulant quantification methods, insufficient statistical analysis and replication, and 
overinterpretation of the fouling mechanisms and practical implications. Therefore, I recommend major revision before the 
manuscript can be considered for publication.
1. The manuscript separately disperses shrimp feed and humic acid in deionized water and adds 10 g/L NaCl to simulate 
aquaculture water. However, real RAS water typically contains a complex mixture of feed residues, excreta, microbial 
metabolites, proteins, polysaccharides, inorganic particles, ammonium nitrogen, and various ions. Therefore, the use of 
only two single-model foulant systems is insufficient to support the claims regarding "RAS application" and commercial-
scale operation.
2. The experimental design and cross-flow operating parameters are incompletely reported.
3. The Methods section provides only the rejection equation but does not explain how Cp and Cf were measured for SF and 
HA. This is a critical issue affecting the reliability of the results.
4. The Abstract states that: "High operating pressure significantly exacerbated fouling by SF, a phenomenon not observed 
with HA." However, Section 3.2.2 suggests that HA underwent more severe compaction and pore blockage at elevated 
pressures, while the Conclusions state that:
"Elevated pressures (7-10 bar) intensified both types of fouling."These three statements are clearly inconsistent.
5. The SEM images in Fig. 3 were not obtained under fully matched experimental conditions. For example, both pressure 
and concentration were varied for the SF samples, different concentrations were also used for the HA samples, and the 
cross-flow samples were tested under another set of operating conditions. Therefore, the observed morphological 
differences cannot be attributed independently to pressure, concentration, or filtration mode.
6. Table 1 is overly lengthy and uses inconsistent language and units. It should be substantially condensed or moved to 
the Supplementary Materials.
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7. The graphical abstract does not effectively highlight the core findings of the study and should be redesigned.

Reviewer #2: The manuscript investigated fouling of a commercial polysulfone ultrafiltration membrane using shrimp feed 
and humic acid. The comparison between two foulants was potentially relevant to aquaculture wastewater treatment. 
Surface characterization also provided useful observations of the deposited layers. However, the simulated solutions were 
not demonstrated to represent actual RAS wastewater. The dead-end and cross-flow experiments were conducted using 
different devices without sufficient hydrodynamic information. Replicate experiments and statistical analyses were not 
reported. Membrane compaction was also not separated from foulant resistance at high pressure. Several mechanistic 
conclusions therefore exceeded the available evidence. Therefore, I suggest the manuscript has to be reviewed after a 
Major Revision. The specific comments are as follows:

Major Concerns:
1) Page 3, Lines 60-70. The manuscript was submitted as a case or pilot study, but the experiments used artificial 
solutions in laboratory filtration cells. No full-scale RAS application was examined.
2) Page 4, Lines 88-92. The selected foulant concentrations were not justified using actual RAS water-quality data. Their 
environmental relevance therefore remained unclear.
3) Page 4, Lines 95-106. The cross-flow velocity was not reported. This parameter was necessary for interpreting 
concentration polarization and comparing the two filtration configurations.
4) Page 4, Lines 95-106. Dead-end and cross-flow experiments used different membrane areas and apparatuses. The 
resulting flux differences could not be attributed solely to hydrodynamics.
5) Page 4, Lines 95-111. The experimental duration and permeate recovery were not reported. These factors directly 
affected the observed flux decline and foulant concentration.
6) Page 4, Lines 94-111. The manuscript did not report experimental replicates or statistical analysis. Claims of significant 
differences were therefore unsupported.
7) Page 4, Lines 96-104. Pressures up to 10 bar were unusually high for ultrafiltration. No clean-water control was 
presented to separate membrane compaction from fouling.
8) Page 5, Lines 113-122. The post-operation sampling conditions were unclear. The manuscript did not specify which 
pressure or filtration mode corresponded to each characterized membrane.
9) Page 5, Lines 155-170. The FTIR assignments alone did not demonstrate the formation of a protein-polysaccharide gel 
layer. The claimed layer composition required more direct evidence.
10) Page 9, Lines 247-260. The practical claims concerning energy consumption and cleaning intervals were not supported 
by measured data. These outcomes were not evaluated in the experiments.
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Dear Dr. Wijaya,   
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revised manuscript by Sep 09, 2026.
  

To view your reviewer feedback, please log in as an author at https://www.editorialmanager.com/cscee/ and navigate to 
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Case Studies in Chemical and Environmental Engineering  
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scope and strengthened the statistical analysis. The reconstructed SEM comparison and pure-water controls also improved 
the reliability of the findings. However, several presentation issues remained, particularly the manuscript classification, 
language errors, broken cross-reference, and graphical abstract. Therefore, I suggest the manuscript has to be reviewed 
after a Minor Revision. The specific comments are as follows:

Page 2, Lines 43-44. The expression "are also can be used" was grammatically incorrect.
Page 2, Lines 49-53. "The challenges to implementing membranes remain struggling on" was grammatically incorrect and 
unclear.
Page 3, Line 63. "Error! Reference source not found" remained in the revised manuscript.
Graphical Abstract. The image showed typical characteristics associated with AI-generated content and required careful 
redrawing. If AI-generated elements were retained, their use should comply with journal requirements and be formally 
declared.
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Dear Dr. Wijaya,

Thank you for submitting your manuscript to Case Studies in Chemical and Environmental Engineering.
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paper will now be published Open Access and freely accessible to all.

To view your reviewer feedback, please log in as an author at https://www.editorialmanager.com/cscee/ and navigate to 
your manuscript in the "Submissions with a Decision" folder under the Author Main Menu.  ​
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Our Personal Thanks, and a Request:

We appreciate you submitting your manuscript to Case Studies in Chemical and Environmental Engineering and hope you 
will consider us again for future submissions. Now that your paper has been accepted, we would like to ask you if you wish 
to provide a 100-word lay summary to be posted on the journal's website https://www.journals.elsevier.com/case-studies-
in-chemical-and-environmental-engineering/ Guidance on writing a lay summary is available here: 
https://www.elsevier.com/connect/authors-update/in-a-nutshell-how-to-write-a-lay-summary
The idea is to increase the visibility of your article and to make it accessible to a wider, more general audience by providing 
a short, simplified account of the research. If you are keen to do this, then please e-mail your lay summary to the Journal 
Manager at cscee@elsevier.com
This lay summary of your article will be considered as a component of the material submitted for publication as part of the 
manuscript. Once published on the website, please feel free to distribute the link to your contacts and on social media.
Many thanks again for submitting to CSCEE and we look forward to receiving your work again soon.
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