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ABSTRACT 

 

Excessive nutrients in aquaculture effluent have become an alarming environmental issue. 

However, current treatment methods for recovering nutrients are ineffective since the effluent 

contains trace amounts of nutrients. Pressure-driven nanofiltration (NF) is a potential solution 

to the problem of low concentration gradient. In this work, NF was applied to concentrate and 

recover the nutrients (ammonium (NH4
+), phosphate, (PO4

3-), and nitrate ions (NO3
-)) from the 

synthetic and real fish farm effluents. The experiments were first carried out to study the effect 

of membrane type, feed concentrations, and operating pressures on membrane performance. It 

is found that NF 90 membrane was able to retain more nutrient ions but compromise with a 

lower flux compared to NF 270. This study also revealed that an increase in feed concentration 

enhanced the concentrating ability for both PO4
3- and NO3

- ions but reduced the concentrating 

factor of NH4
+ ions. Moreover, both NF flux and concentrating factor increased with pressure. 

NF on actual fish farm effluents were investigated under optimal conditions (NF 90, 5 bar). 

Surprisingly, prefiltered effluent was found to have lower flux than raw effluent due to the 

presence of denser cake layer. NF could concentrate more nutrients from prefiltered fish farm 

effluent with concentrating factor up to 6.17 for PO4
3- ions and 1.55 for NH4

+ions, claiming that 

NF was a promising approach for concentrating nutrients. These nutrients concentrate has an 

opportunity to be reapplied as fertilizer as a part of sustainable resource management. 
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1.0 INTRODUCTION 

 

The expansion of the aquaculture 

industry has been accompanied by an 

increase in environmental impacts. 

Aquaculture effluents contain 

considerable quantities of organic 

matter and excess nutrients such as 

phosphorus and nitrogen compounds 

which can cause environmental 

deterioration of the receiving water 

bodies. These nutrients can be easily 

leached out from the feed pellets or 

feces to dissolve in the water and lead 

to a load of dissolved nutrients in the 

pond [1]. According to Enduta et al. [1], 

there is up to 85% of phosphorus and 

52-95% of feed nitrogen in an 

aquaculture pond unutilized and 

remains as waste components of fish 

farming. Generally, these nutrients are 

dissolved in the form of NH4
+, PO4

3- 

and NO3
-. These excess nutrients can 

cause eutrophication that is associated 

with harmful algal blooms, low 

dissolved oxygen, and highly toxic 

compound concentration which results 

in deterioration of water quality and 

changes in aquatic communities [2-4].  

For instance, higher than 100 μg/L of 

unionized ammonia-nitrogen is 

reported to be toxic to shrimp [5].  

Because of various harmful effects 

on the environment, aquaculture 
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effluents cannot be discharged directly 

to the natural waters without being 

treated. Instead of removing, nutrient 

recovery is more desirable as the 

effluents produced from the aquaculture 

contain a lot of nutrients. These 

nutrients from the effluent can be 

harvested to become fertilizer [6-8]. 

Various conventional treatment 

techniques have been applied for 

nutrient recovery, which is chemical 

precipitation [9, 10], ion exchange and 

adsorption [11-13], air striping [14, 15], 

biological assimilation [3, 16], and 

membrane processing [17, 18]. 

However, there are trace amounts of 

nutrients concentration in the 

aquaculture effluent that may not be 

economical to be harvested as liquid 

fertilizer although the effluents give a 

huge impact on the environment. In this 

regard, it is indispensable to 

preconcentrate the nutrients by using a 

cost-effective approach, which is the 

main focus of this research.  Among the 

treatment techniques, NF is a potential 

strategy to solve the problem associated 

with a low concentration gradient for 

concentrating such nutrients. Moreover, 

the NF membrane process can provide 

higher flux at lower pressure and 

require low investment, operation, and 

maintenance costs compared to reverse 

osmosis (RO) [18, 19]. NF can 

effectively remove multivalent salts, 

ions containing high charge density, 

small organic compounds, and natural 

organic matter (NOM). With that, NF 

membranes that can remove nutrients 

can also function to concentrate 

nutrients. However, insufficient 

attention has been paid to concentrating 

the ability of the NF membrane on 

nutrients. 

The NF 90 and NF 270 membranes 

are two of the most commonly used 

tight NF membranes for wastewater 

treatment. Based on literature, NF 90 

has a higher solute retention but a lower 

permeability than NF 270 [17, 20, 21]. 

Both of these membranes have their 

pros and cons. Thus, it is interesting to 

study their concentrating ability on 

nutrients. Furthermore, this pressure-

driven process is susceptible to 

membrane fouling which can aggravate 

the membrane performance and 

increase operation cost [22]. The real 

fish farm effluents consist of not only 

nutrients but also suspended solids of 

various sizes. With that, the potential of 

the suspended solid present to form a 

cake layer will impede the flux of the 

membrane and slow down the 

concentrating process. Thus, the 

requirement for pre-treatment has been 

considered in this study to prolong the 

lifespan of the membrane. 

In this work, NF membranes were 

employed to preconcentrate and recover 

the NH4
+, PO4

3- and NO3
- ions from fish 

farm effluent. The effect of pressure, 

dosage of nutrients, and type of 

membrane used for concentrating 

process were studied by using synthetic 

fish farm effluents. The membrane 

performance for raw and prefiltered fish 

farm effluent was then studied by 

carrying out under optimum conditions. 
 

 

2.0 METHODS 

 

2.1 Chemicals and Membranes 

Ammonium chloride, NH4Cl, 

potassium dihydrogen phosphate, 

KH2PO4 and potassium nitrate, KNO3 

(Merck Sdn. Bhd.) with the purity of 

99.8 %, 99.5 %, and 99.0 %, 

respectively were utilized in this 

experimental work to mimic synthetic 

effluents. All of the reagents were made 

with deionized water (ELGA 

PURELAB Flex dispenser). The actual 

fish farm effluents were collected from 

the fish farm at Sungai Udang, Nibong 

Tebal. There were two different flat 

sheet type polyamide membranes used 

in this study, namely NF 90 and NF 270 

that supplied by Dow FilmtecTM. Each 
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membrane characteristic is depicted in 

Table 1 below based on information 

provided by the manufacturer. 

 
Table 1 Membrane characteristics 

 

Type NF 90 NF 270 

MWCO 

(Da)a 100 – 200 150 – 300 

Polymer 
Polyamide-

TFC 

Polyamide-

TFC 

pH 2-11 2-11 

Contact 

angle (◦)b 93.2 19.5 

Flux 

(GFD/psi) 46-60/130 79-98/130 

Rejection 
99.0% 

MgSO4 

99.2% 

MgSO4 

aMWCO of membrane was obtained from [23] 
bContact angle of membrane was obtained from 

[17] 

 

 

2.2 Preparation of Synthetic and 

Real Fish Farm Effluents 

 

There were two types of feed solutions 

used in this experiment such as 

synthetic and real fish farm effluents. 

The synthetic effluents were prepared 

according to the nutrient contents of the 

fish farm effluent. The synthetic 

solutions were prepared by dissolving 

the required nutrients which were 

NH4Cl, KH2PO4 and KNO3 reagent in 

deionized water to represent the ion 

presence (NH4
+, PO4

3- and NO3
-) in the 

fish farm effluent. They were prepared 

by dissolving salts in deionized water. 

Synthetic feed solutions with four 

different concentrations (10 to 25 

mg/L) were then prepared. The solution 

used for each run was fixed at 300.0 

mL. The mass needed to prepare the 

feed solution for each concentration is 

shown in Table 2. 

 
Table 2 Mass of salts needed to prepare 

500 mL feed solution for each 

concentration 

 

Concentration 

(mg/L) 

NH4Cl 

(g) 

KH2PO4 

(g) 

KNO3 

(g) 

10 0.0148 0.0072 0.0082 

15 0.0222 0.0107 0.0122 

20 0.0297 0.0143 0.0163 

25 0.0371 0.0179 0.0204 

 

 

2.3 NF Experiment 

 

2.3.1 Experimental Set-up 

 

The experiments were performed using 

a commercial dead-end stirred cell 

(SterlitechTM HP4750) with 300 mL 

holding capacity, as shown in Figure 1. 

The membranes were soaked in 

deionized water overnight prior to use 

before beginning membrane filtration. 

To eliminate any compression impact, 

each NF membrane was first 

compressed to 9 bar using deionized 

water for at least 30 minutes. The cell 

was then filled with prepared solution 

and operated at 25 ℃ with 350 rpm of 

stirring speed and desired pressure. An 

electronic weighing balance was 

applied to continuously measure the 

permeate mass at regular intervals of 5 

minutes. 
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Figure 1 Nanofiltration set up 

 

 

2.3.2 Experimental Parameters and 

Membrane Performance Evaluations 

 

To elucidate the performance of the NF 

membrane, numerous parameters were 

investigated in this experiment, 

including operating pressure (4 to 7 

bar), nutrients dosages (10 to 25 mg/L), 

and type of membrane (NF 90 and NF 

270). The membrane filtration 

processes were first conducted by using 

synthetic nutrient solutions to study the 

effect of each parameter. After testing 

with synthetic effluent, the experiment 

was repeated with actual fish farm 

effluents and operated at the studied 

optimum condition. There were two 

types of actual fish farm effluents used 

for membrane performance analysis 

such as raw effluent and prefiltered 

effluent. One of the effluents was 

prefiltered by using filter paper for the 

removal of suspended solids.  

The NF performance for each 

process was evaluated based on 

permeate flux and concentrating 

factors. The flux permeating through 

the membrane was determined by 

permeate volume collected at constant 

duration as computed below: 

𝐽𝑝 =
𝑉𝑝

𝐴∆𝑡
                                              (1) 

where 𝐽𝑝  is permeate flux (L/m2.h), 𝑉𝑝 

is permeate volume (L), 𝐴 is effective 

membrane area (m2) and ∆𝑡 is permeate 

collection time (h). 

The efficiency of the separation 

process could also be analyzed by the 

ability of concentrating the nutrients 

during the NF process. The 

concentrating factor was determined by 

comparing the concentration of the 

nutrients in the solution before and after 

the separation process as shown in the 

equation below: 

𝐶𝐹 =
𝐶𝑅

𝐶𝐹
                                                (2) 

where 𝐶𝐹  is the concentrating factor, 

𝐶𝑅  is retentate concentration (mg/L) 

and 𝐶𝐹 is feed concentration (mg/L). 
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Rejection efficiency can be computed 

by equation below: 

𝑅 = (1 −
𝐶𝑃

𝐶𝐹
 ) × 100%                     (3) 

where 𝑅 is the rejection efficiency, 𝐶𝑃 

is permeate concentration (mg/L). 

 

2.4 Nutrients Determination 

 

The nutrient concentration in the feed, 

permeate and retentate samples were 

analyzed by using a Lovibond 

photometer (MD 600). The 

measurement of NH4
+ concentration 

was tested based on the salicylate 

chemical method with a method 

number of 66. Phosphomolybdenum 

blue was a chemical method that was 

used to analyze the concentration of 

PO4
3- by pressing method number 324 

in photometer system whereas for NO3
-

, chromotropic acid method was applied 

with method number of 265. The 

measuring ranges for NH4
+, PO4

3- and 

NO3
- concentration were 1-50 mg/L, 

0.06-5 mg/L and 1-30 mg/L, 

respectively.  

 

 

3.0 RESULTS AND DISCUSSION 

 

3.1 The Effect of Membrane Type on 

Permeate Flux and Concentrating 

Factor 

 

Figure 2 presents the permeate flux for 

the separation process using different 

types of the membrane (NF 90 and NF 

270). As can be observed from Figure 

2, permeate flux was relatively higher 

for NF 270 than for NF 90 with an 

average value of 80.30 L/m2.h and 

63.27 L/m2.h, respectively. These 

results can be attributed to the 

characteristic of membranes that had 

stated in Table 1 which indicates that 

NF 270 has a more open polymeric 

matrix structure with larger MWCO, 

resulting in lower mass transport 

resistance compared to NF 90 [18, 23, 

24]. In addition, NF 270 also has 

stronger surface hydrophilicity with a 

lower contact angle, resulting in higher 

water permeability. On contrary, due to 

greater pore restriction and lesser 

hydrophilicity, there is a higher 

possibility for fouling occurring on NF 

90 rather than NF 270 in accordance 

with the declined flux [17].  

Table 3 shows the NH4
+ 

concentrating factor was obtained from 

the membrane separation process by 

applying different types of the 

membrane (NF90 and NF270). It is 

found that NF270 had a slightly higher 

retention ability with the concentrating 

factor of 1.68 than NF 90 with 

concentrating factor of 1.59. The 

possible reason that NF 270 had a better 

concentrating effect of NH4
+ ions is NF 

270 gives higher solvent permeability 

compared to NH4
+ ion which could 

further concentrate the feed solution. 

Because of a very small difference 

(about 5 %) obtained from the effect of 

membrane types in terms of 

concentrating factor, the NF 

concentrating ability was further 

determined by rejection efficiency. 

The results demonstrate that NF 90 

could reject up to 65.03% of solutes 

which is much higher than NF 270 that 

reject only 17.59%. This can be 

explained by NF 90 having a tighter 

polymetric structure, leading to high 

steric hindrance and electrostatic effect 

[18, 24]. Therefore, NF 90 was a better 

option of membrane used in NF process 

of actual fish farm effluent as it 

performed almost similar concentrating 

ability as NF 270 and better rejection 

efficiency of nutrients. 
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Figure 2 Flux profile for NH4

+ solution with varying type of membrane (Concentration: 20 

mg/L and pressure: 7 bar) 

 

 
Table 3 Concentrating factor for the NH4

+ 

solution with varying types of the 

membrane (Concentration: 20 mg/L and 

Pressure: 7 bar) 

 

Membrane 

Type 

Concentrating 

factor 

Rejection 

(%) 

NF90 1.59 65.03 

NF270 1.68 17.59 

 

 

3.2 The Effect of Initial 

Concentration on Permeate Flux and 

Concentrating Factor 

 

The effect of nutrient concentration (10 

mg/L to 25 mg/L) on the membrane 

performance concerning permeate flux 

at a fixed operating pressure of 7 bar is 

presented in Figure 3. As seen in Figure 

3, the permeate flux increased with feed 

concentration and then decreased when 

reached a certain concentration where 

both NH4
+ and NO3

- solution achieved 

the highest flux at 15 ppm with an 

average value of 60.63 L/m2.h and 

63.92 L/m2.h, respectively and the flux 

started to reduce when increasing 

concentration over 15 ppm whereas 

PO4
3- solution attained the highest flux 

at 20 ppm with an average value of 

63.20 L/m2.h. These findings were in 

line with the study done by Visvanathan 

and Roy [25]. The permeate flux was 

first increasing with solute 

concentration due to increasing of 

“Donnan Potential” which enables 

more solvent to pass through the 

membrane. On the other hand, the 

possible reason for the permeate flux 

declined with increasing feed 

concentration is that at higher solute 

concentration, the increase in osmotic 

pressure across the membrane would 

decrease the net driving force of mass 

transfer under constant pressure 

operation [26, 27]. As a result, permeate 

flux decreased. 

In addition, the potential of NH4
+ 

ions that fouled the membrane was also 

justifiable with its lowest average flux 

value obtained in the range of 57.55 

L/m2.h to 60.63 L/m2.h compared to 

PO4
3- and NO3

- solution. This is due to 
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the surface of the NF 90 membrane is 

negatively charged, it would tend to 

attract positive charged NH4
+ ions via 

electrostatic attraction, leading to pore 

blocking. Hence, it would cause the 

membrane to foul and decrease the flux 

rate [17, 28]. 

 

 
Figure 3 Flux profile for nutrients solution with varying concentration (Pressure: 7 bar and 

membrane type: NF 90) 

 

 

Figure 4 shows the influence of 

nutrient concentration on the NF 

performance concerning concentrating 

factor obtained after separation. It can 

be observed that the nutrients were able 

to be concentrated using the NF 

membrane. The separation of the 

nutrients via NF membrane is 

contributed by one or a combination of 

mechanisms between physio-chemical 

interactions between membrane and 

solutes, Donnan exclusion as well as 

size exclusion [23].  

Based on the results in Figure 4, 

NH4
+ ions could be concentrated up to 

2.13 factor for an initial concentration 

of 10 mg/L but the concentrating factor 

decreased by 40.85% when the initial 

concentration increased from 10 mg/L 

to 25 mg/L. A similar result was 

obtained by other researchers in which 

the retention ability decreased when the 

feed (NH4Cl) concentration increased 

[29]. This phenomenon can be 

explained by increasing feed 

concentration enhances the 

concentration polarization taking place 

as more solutes accumulate on the 

membrane surface. As a result, it would 

enlarge the concentration gradient of 

nutrients between the feed and 

permeate sides and push more nutrients 

to pass through the membrane [29, 30]. 

Thus, the concentrating ability was 

diminished. 

On the other hand, PO4
3- and NO3

- 

solutions gave a different trend 

compared to NH4
+ solutions. Figure 4 

shows that the concentrating ability of 

PO4
3- and NO3

- ions increased (1.35 to 

1.82 and 1.35 to 1.59, respectively) with 

their initial concentration. An important 

reason for this effect is the rise in 

Donnan exclusion at higher 
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concentrations. Since the NF membrane 

was negatively charged, more anions 

were likely rejected by the membrane 

when the solution contained a high 

solute concentration. This would inhibit 

anions from permeating through the 

membrane; thus, more PO4
3- and NO3

- 

ions are retained on the feed side. These 

findings were also in agreement with 

works done by Chai et al. [17], dos 

Santos et al. [31], and He et al. [26]. 

However, it can be observed that the 

concentrating trend for PO4
3- was 

fluctuating where the concentrating 

factor initially increased from 1.35 to 

1.82 and then slightly decreased to 1.63 

when PO4
3- concentration increased 

over 15 mg/L. This could be ascribed to 

an increase in KH2PO4 concentration 

elevates the screen effect of dissolved 

counterions (K+) on the proper 

membrane charge. As a consequence, 

the membrane potential is reduced 

where the repulsive force between 

membrane and PO4
3- is diminished; 

hence, lowering the concentrating 

ability. It can be deduced that Donnan 

exclusion plays a significant role in the 

separation of solute at lower KH2PO4 

concentration whereas, at higher 

concentration, site-binding screen 

effect overwhelms and results in 

decreased concentrating ability. This 

statement was also further supported by 

Paugam et al. [32]. 

Overall, it is found that the 

concentrating ability of nutrients was in 

this sequence NH4
+ < NO3

- < PO4
3- with 

increasing initial concentration. As 

expected, both concentrating ability of 

PO4
3- and NO3

- was higher than NH4
+ 

due to electrostatic repulsion between 

negatively charge NF 90 and anions. 

The membrane tends to attract NH4
+ 

ions, inducing them easier to diffuse 

through the membrane [28, 33, 34]. 

Moreover, concentrating ability of 

PO4
3- was higher than NO3

- because of 

the size exclusion mechanism [31, 35, 

36]. NF 90 was more efficient in the 

rejection of multivalent ions (PO4
3-) 

rather than a rejection of monovalent 

ions (NO3
-) due to the bigger ion size of 

the former ions. 

 

3.3 The Effect of Operating Pressure 

on Permeate Flux and Concentrating 

Factor 

 

Figure 5 manifests the permeate flux 

profile and concentrating factor 

achieved following the filtration 

process at various operating pressure. 

When elevating the operating pressure 

from 4 to 7 bar at constant feed 

concentration, the permeate flux rose 

from 30.21 L/m2.h to 66.13 L/m2.h. The 

expected increment in permeate flux is 

attributed to the enhancement of driving 

force through the membrane at higher 

operating pressure [34, 37, 38]. 

Furthermore, it is revealed that the 

linearity increment of permeate flux 

with pressure, signifying that the effect 

of concentration polarization is 

insignificant [39]. This can be 

explained by using Darcy’s Law where 

membrane separation, in this case, is 

governed by a pressure-controlled 

region, indicating that the membrane is 

not further compressible in this 

operating pressure range.  

Moreover, it can be seen from Figure 

5 that the concentration efficiency of 

synthetic NH4
+ solution also increased 

with pressure. The ion permeation 

through the NF membrane is based on a 

combination of convective and 

diffusive transport [40]. However, 

under pressure-controlled regions, 

convective transport becomes prevalent 

while diffusive transport is unaffected. 

This leads to enhancement of solvent 

permeability where the transport of 

water is greater than NH4
+ ions through 

the membrane, which results in higher 

retention at higher pressure [31, 41]. In 

addition, the greater compressive effect 

of the membrane at higher pressure 
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increases the steric resistance; thus, 

more NH4
+ ions are rejected on the 

retentate side. Therefore, the 

concentrating factor increased from 

1.16 to 1.61 when operating at 4 bar to 

7 bar. 

 

 
Figure 4 Effect of nutrients concentration on concentrating factor (Pressure: 7 bar and 

membrane type: NF 90) 

 

 

In short, these findings show that 

higher operating pressure facilitated 

higher permeate flux and achieved the 

better concentrating ability of nutrients. 

Nevertheless, lower operating pressure 

can reduce membrane fouling and 

prevent the development of a 

compacted fouling layer formed on the 

membrane surface. With that, the 

operating pressure of 5 bar (middle 

range) was chosen for concentrating 

actual fish farm effluent that contains 

other pollutants that might foul the 

membrane easier compared to synthetic 

effluent.   

 

3.4 The Raw and Prefiltered Fish 

Farm Effluent 

 

The fish farm effluents were tested 

under two conditions namely raw fish 

farm effluent and prefiltered effluent 

where the effluents had been filtered to 

remove the suspended solids that 

accumulated in the fish farm effluent. 

The collected fish farm effluent was 

greenish indicating algae blooming. 

Concentrating nutrients in both fish 

farm effluents were carried out under 

the optimized operating condition, 5 bar 

by using NF 90. 

Figure 6 shows that permeate flux 

for the NF process of both fish farm 

effluents.  It can be seen that both fish 

farm effluents gave a significant 

decreasing flux trend, indicating that 

fouling has occurred on both membrane 

surfaces via cake layer formation and 

even pore constriction [42]. The raw 

fish farm effluent exhibited higher flux 

than the prefiltered effluent with an 

average value of 20.94 L/m2.h and 
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16.41 L/m2.h, respectively. The 

permeate flux for the raw fish farm 

effluent is expected to be higher 

because of the coarser particle in the 

suspension that gives a loose cake layer 

while after prefiltration, the suspended 

particles left in the solution are 

relatively smaller, resulting in a dense 

cake layer. This result was supported by 

Zakmout et al. where the tight cake 

layer reduced the permeate flux [43]. 

 

 
Figure 5 Effect of operating pressure on permeate flux and concentrating factor for NH4+ 

solution (Concentration: 20 mg/L and membrane type: NF 90) 

 

 

The collected raw fish farm effluents 

contain many particulate substances 

such as algae, suspended particles, and 

organic matters from uneaten fish feeds 

and also fish wastes which have larger 

particle sizes compared to the pore size 

of the membrane. Thereby, during 

membrane filtration, these 

miscellaneous particles with larger 

molecular weight fractions are mainly 

deposited on the membrane surface 

instead of pore blockage, and this 

phenomenon is commonly referred to 

as external fouling [42, 44]. In addition, 

the formed cake layer resistance is 

related to the particle size where the 

larger the particle size, the larger the 

porosity of the cake layer, and the 

smaller the cake resistance [45]. Hence, 

the permeate flux for raw fish farm 

effluent was higher than prefiltered 

effluent. However, under prolonged 

membrane filtration, the rate of flux 

declined for raw fish farm effluent was 

higher than prefiltered effluent. This 

can be explained by the high starting 

flux that boosts the transport of solutes 

towards the membrane, provoking 

severe fouling. Thus, prefiltration of 

raw fish farm effluent is still a need 

before the membrane filtration process 

to prolong the lifespan of the 

membrane. 

Table 4 shows the nutrients 

concentration before and after the 

membrane concentrating process for 

both raw and prefiltered fish farm 

effluents. It can be observed that the 

three nutrient ions concentration in the 

feed of prefiltered effluent was lower 

than raw effluent. This could happen 

because some of the nutrients are 

adsorbed on colloid particles via 

hydrogen bonding, Van der Waals 
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attraction, or extracellular molecule 

interactions which then together are 

eliminated by filter paper [43]. Overall, 

the results in Table 4 show that all the 

nutrients in the fish farm effluent were 

able to be concentrated with the NF 

process where all the measured 

retentates concentrations were 

relatively higher than feed 

concentration even though the NO3
- 

concentration in the raw feed solution 

could not be detected due to its trace 

amount. 

The performance of NF membrane 

in terms of concentrating factor 

obtained after separation for both raw 

and prefiltered effluent is presented in 

Figure 7. It shows that more nutrients in 

prefiltered effluent (CF of NH4
+: 1.55; 

CF of PO4
3-: 6.17) could be 

concentrated by NF membrane rather 

than raw effluent (CF of NH4
+: 1.49; CF 

of PO4
3-: 3.57). The possible 

explanation is interferences with some 

particulates (foulants) other than 

nutrients ions in raw effluent could 

result in modification of membrane 

properties, deteriorating the 

performance of membrane and 

affecting the concentrating ability of 

nutrient ions [44, 46, 47]. Another 

reason might be for membrane filtration 

of prefiltered effluent, the formed dense 

cake layer induces stronger electrostatic 

interaction between ionic compounds 

and membrane surface charge 

especially repelling more co-ions, PO4
3- 

and NO3
- ions [48]. Moreover, to 

maintain electroneutrality, some 

counterions, NH4
+ ions would adsorb to 

the membrane surface and some is 

distributed and retained near the surface 

membrane to balance excessive 

negative charges in solution although 

monovalent NH4
+ ions could easily 

penetrate through NF membrane [36, 

49].  

Based on the results obtained, it can 

be summarized that the observed 

concentrating ability of nutrients by 

using NF membrane does not solely 

depend on the initial characteristic of 

the membrane, but also the nature of the 

foulants and even fouling state of 

membranes. All of these results show 

that the NF process is able to 

concentrate the nutrients in the fish 

farm effluent under proper operating 

conditions and the type of membrane 

used during the process. 

 

Figure 6 Flux profile for membrane concentration process of raw and prefiltered fish farm 

effluents. (Pressure: 5 bar and membrane type: NF90) 
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Table 4 Nutrient concentration before and after for membrane concentration of raw and 

prefiltered fish farm effluent 

 

Type of Test 

Ammonium  Phosphate  
Nitrate 

Feed Retentate Feed Retentate Feed Retentate 

Raw 28.85 42.85 7.0 25.0 UR 18.0 

Prefiltered 24.60 38.10 3.91 15.00 UR UR 

UR: under range  

 

 

Figure 7 Concentrating factor obtained for membrane concentration process of raw and 

prefiltered fish farm effluents. (Pressure: 5 bar and membrane type: NF90) 

 

 

4.0 CONCLUSION 

 

Focusing on the recovery of trace 

amounts of nutrients, this work has 

studied the preconcentration of 

nutrients from fish farm effluent by 

using NF. It is found that NF 90 

membrane outperformed NF 270 with 

better retention ability in considering 

both concentrating factor and rejection 

efficiency. Due to effect of Donnan 

potential and size exclusion, the 

concentrating ability of nutrients was in 

the sequence of NH4
+ < NO3

- < PO4
3- 

with increasing feed concentration. The 

optimum pressure, in this case, was 

recommended to be 5 bar. NF process 

of actual fish farm effluent was then 

conducted with optimal process 

parameters using NF 90 at 5 bar. Owing 

to the denser cake layer and smaller 

suspended particles, the flux of 

prefiltered effluent was lower than raw 

effluent; but in terms of concentrating 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

C
o
n
ce

n
tr

at
in

g
 F

ac
to

r 

Ammonium                                            Phosphate 

Raw Effluent Prefiltered Effluent



      Concentrating Fish Farm Effluent for its Nutrient Recovery via Nanofiltration   89 

 

 

ability, more nutrients could be 

concentrated from prefiltered effluent 

with the concentrating factor up to 6.17 

for PO4
3- ions and 1.55 for NH4

+ ions. It 

is thus concluded that the NF process 

could be an effective option for treating 

fish farm effluent and had great 

potential to preconcentrate the nutrients 

from the effluent for fertilizer usage. To 

further improve the retention ability of 

NF membranes, it is recommended 

adjusting the solution to alkaline 

condition to increase electrostatic 

repulsion between nutrients and 

membrane surface.   
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