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The rejection of organic micropollutants, including three polycyclic aromatic hydrocarbons (PAHs) and three phthalic acid
esters (PAEs), by clean and fouled nanofiltration membranes was investigated in the present study. The rejection of organic
micropollutants by clean NF90 membranes varied from 87.9 to more than 99.9%, while that of NF270 membranes ranged from
32.1 to 92.3%. Clear time-dependence was observed for the rejection of hydrophobic micropollutants, which was attributed to the
adsorption of micropollutants on the membrane. Fouling with humic acid had a negligible influence on the rejection of organic
micropollutants by NF90 membranes, while considerable effects were observed with NF270 membranes, which are significantly
looser than NF90membranes.The observed enhancement in the rejection of organic micropollutants by fouled NF270membranes
was attributed to pore blocking, whichwas a dominating foulingmechanism for looseNFmembranes. Changes in the ionic strength
(from 10 to 20mM) reduced micropollutant rejection by both fouled NF membranes, especially for the rejection of dimethyl
phthalate and diethyl phthalate by NF270 membranes (from 65.8 to 25.0% for dimethyl phthalate and 75.6 to 33.3% for diethyl
phthalate).

1. Introduction

Due to the growing demand for high quality water, appli-
cations employing membrane processes for water treatment
have increased rapidly. Nanofiltration (NF) and reverse
osmosis (RO) are promising membrane technologies that
have been recognized as reliable and affordable techniques
for the production of high quality water from nontraditional
sources such as polluted surface water and secondary treated
effluent, which require the removal of organic micropollu-
tants [1–6]. The rejection mechanism of organic micropol-
lutants by NF has been investigated in previous studies, and
researchers agree that steric hindrance (or size exclusion)
is the most important mechanism of uncharged organic
micropollutant rejection [7, 8]. Nevertheless, othermicropol-
lutants and membrane physicochemical properties may also
influence the separation behavior. The results from various
investigations showed that the adsorption of hydrophobic
neutral compounds to membranes enhanced rejection and

adsorption, which increased almost linearly with the distri-
bution coefficient (Log𝐷), although the observed enhance-
ment wasmost likely limited to a relatively short time scale [9,
10]. In many previously reported publications, the removal of
organic micropollutants by NF has been described; however,
only a few studies have been devoted to the time frame prior
to rejection, and the rejection efficiency of an NF membrane
for a hydrophobic compound will be overestimated if it is
determined during short-term experiments [7, 11].

The fouling of NF membranes changes the membrane
characteristic and affects the rejection of micropollutants.
Natural organic matter (NOM) such as humic acid is one
of the major causes of membrane fouling. Numerous studies
have reported the physical and chemical aspects of NF
membranes fouled by humic acid [12–15]. The influence of
membrane fouling on the rejection of micropollutants by
NF has also been studied. Membrane fouling can either
increase or decrease the rejection of organic micropollu-
tants by NF membranes [5, 13, 16, 17]. The mechanisms of
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the different effects of fouling on the rejection of microp-
ollutants have been illustrated. For instance, Nghiem and
Hawkes [8] observed a considerable increase in rejection
of trace organics by loose NF membrane under fouled
conditions. The observed rejection increase was attributed to
pore blocking. After fouled with sodium alginate, Yangali-
Quintanilla et al. [7] observed a decline in rejection of
hydrophilic neutral compounds by NF200 membrane; how-
ever, they attributed the general trend of decreasing rejec-
tion to the phenomenon of “cake-enhanced concentration
polarization.” More recently, Shen et al. [18] investigated the
influence of solute-solute interactions on hormone rejec-
tion during nanofiltration and observed that solute-solute
interactions between humic acid (HA) and micropollutants
improved micropollutant rejection and decreased micropol-
lutant adsorption to membranes. HA sorption was attributed
to enhancedwater permeability due to the opening of charged
membrane pores. In summary, many studies on the effects of
membrane fouling on theNF of organicmicropollutants have
been reported, but the results of the aforementioned studies
are highly variable. Certainly, the variety of commercially
available micropollutants and membranes is the most proba-
ble cause of the observed discrepancies in previous results.

Recently, polycyclic aromatic hydrocarbons (PAHs) and
phthalic acid esters (PAEs) have been frequently detected at
higher concentrations in surface water [19–22]. Due to their
toxicity, mutagenicity, and carcinogenic potential, PAHs are
included in the priority list of pollutants of the US EPA and
the European Union [23]. PAEs are a group of chemicals
with high environmental relevance due to their production
rates and ecotoxicological potential. Various adverse effects,
including those on the reproductive and endocrine systems
of crustaceans and amphibians, have been reported [24–26].
Thus, the occurrence and removal of PAHs and PAEs have
become a significant focus in the field of water treatment.
PAHs and PAEs are difficult to remove by conventional water
treatment technology; however, until now, little information
on the removal of PAHs and PAEs by NF membranes has
been provided. Furthermore, dimethyl phthalate and diethyl
phthalate present low hydrophobicity, while all PAHs are
highly hydrophobic. Thus, the nanofiltration of PAHs and
PAEs can improve the understanding of the relationship
between the hydrophobicity of compounds and rejection by
NF.

The aim of the present study was to investigate the
rejection of PAHs and PAEs byNFmembranes and to explain
the effects of polymeric NOM on the removal efficiency.
Filtration experiments were carried out on three types of
PAHs and PAEs, including dimethyl phthalate, diethyl phtha-
late, dibutyl phthalate, acenaphthylene, phenanthrene, and
pyrene, using two different commercial NF membranes.

2. Materials and Methods

2.1. Membranes and Chemicals. Two thin-film composite NF
membranes, denoted as NF270 and NF90 (Dow FilmTec),
were employed in the present investigation. The membranes
were received as flat sheet samples andwere stored dry at 4∘C.
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Figure 1: The cross-flow filtration unit in this study.

Dimethyl phthalate, diethyl phthalate, and dibutyl phthalate,
which possessed a purity of 99.5%, were purchased from
Sinopharm. Acenaphthylene was purchased from TCI and
possessed a purity of 99%. Phenanthrenewas purchased from
Acros and presented a purity of 98%. Pyrene was purchased
from J&K and possessed a purity of 98%. Table 1 shows
the key physicochemical parameters of these compounds.
Methanol was purchased from Amethyst and had HPLC
grade.The feed solutions were prepared by spiking an appro-
priate amount of dimethyl phthalate and diethyl phthalate
from a water-based stock solution into Milli-Q water. For
the other chemicals, the stock solutions were prepared by
dissolving the compound in methanol. For all of the tested
compounds, the experiments were performed at a feed con-
centration of approximately 500 𝜇g L−1, except for dimethyl
phthalate, which was evaluated at a feed concentration of
800 𝜇g L−1. In all of the experiments, three PAHs and three
PAEs were mixed in a single feed solution. Humic acid was
used in the present study and was obtained from Sinopharm.

2.2. Membrane Test Unit. A laboratory-scale, cross-flow
membrane test unit with two parallel cells was used in the
current study (Figure 1). The experiments were conducted
in recycle mode, in which the retentate and permeate were
returned to the feed reservoir to maintain a constant concen-
tration. The membrane cell and tubes were made of stain-
less steel to minimize compound losses on nonmembrane
components of the test system. The feed reservoir (4 L) was
made of glass. For each experiment, a newmembrane coupon
with an effective membrane area of 22.05 cm2 was used. The
experiments were conducted at ambient temperature (25 ±
1
∘C).

2.3. Experimental Protocol. Prior to each experiment, the
membrane was stabilized at 500 kPa using deionized water
until the permeate flux reached a constant value. After
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Table 1: Physicochemical properties of the compounds tested in this study.

Compound MW
(gmol−1)

Solubility
(mg L−1) log𝐾ow Chemical structure CAS number

Acenaphthylene 154 16.1 3.92 208-96-8

Phenanthrene 178 1.15 4.46 85-01-8

Pyrene 202 0.135 4.88 129-00-0

Dimethyl phthalate 194 4000 1.6

CH3

CH3

O

O

O

O

131-11-3

Diethyl phthalate 222 1080 2.42

O

O
O

O

84-66-2

Dibutyl phthalate 278 11.2 4.5

O

O
O

O

84-74-2

membrane stabilization, water was replaced by the solution
in the feed reservoir, which contained the tested compounds.
Feed and permeate samples (1mL each) were obtained at
specified time intervals for analysis.

The fouling of membranes and subsequent rejection
experimental protocol were conducted in three steps, includ-
ing compaction, fouling development, and rejection mea-
surement. First, the membrane was compacted using Milli-
Q water at 500 kPa for at least 2 h until a stable baseline flux
was obtained. A fouling layer was then allowed to develop
using a solution consisting of 50mg L−1 of humic acid, and
a stable flux was again obtained prior to the addition of the
tested compounds in an electrolyte solution. The electrolyte
solution was used to produce a foulant cocktail with a NaCl
concentration of 10/20mM.The fouling layer was allowed to
develop until changes in the flux were no longer observed.

2.4. Analysis. A high performance liquid chromatography
(HPLC, Aglient 1260) system equipped with a reverse phase
C18 column was employed to determine PAHs and PAEs
using methanol and water as mobile phase with gradient
elution. Acenaphthylene, phenanthrene, and pyrene were
determined by fluorescence detector with excitation/emis-
sion wavelengths of 225 nm/360 nm, 244 nm/360 nm, and
237 nm/385 nm, respectively. PAEs were determined by

ultraviolet detector with wavelength of 230 nm. The limits of
detection (LOD) for acenaphthylene, phenanthrene, pyrene,
dimethyl phthalate, diethyl phthalate,anddibutyl phthalate
were 0.003mg L−1, 0.006mg L−1, 0.022mg L−1, 0.018mg L−1,
0.007mg L−1, and 0.019mg L−1, respectively.

2.5. Measurement of Contact Angle. Contact angle measure-
ments were performed with a DSA10-MK2 contact angle
analyzer (KRUSS BmbH Co., Germany). The sessile drop
method was used to measure the contact angles of deionized
water (3 L) on the dried surfaces of the membranes at 25∘C.
The volume of drop was 5𝜇L. Images were captured 5 s after
introducing the drop and the contact angles were calculated.
At least ten measurements on different locations of the
membrane sample were performed and averaged to obtain
the contact angle of the measured membrane sample. All the
results presented were an average data from five membrane
samples with standard deviation of the measured values.

3. Results and Discussion

3.1. Membrane Characteristics. The nanofiltration mem-
branes assessed in the present study consisted of a thin active
layer on top of a porous polysulfone backing layer. The active
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Table 2: Comparison of clean and fouled membrane properties.

Characteristic NF90 NF270
Clean Fouled Clean Fouled

Contact angle (∘) 47.3 ± 2.0 61.5 ± 2.2 26.1 ± 2.1 30.8 ± 2.1
Pure water permeability
(Lm−2 h−1) 57.2 37.9 85.5 68.2

layer of the NF270 membrane was made of semiaromatic
piperazine-based polyamides, while the NF90 membrane
possessed a fully aromatic polyamide active layer. The two
membranes displayed quite distinct characteristics. NF90was
a relatively tightNFmembranewith an average pore diameter
of only 0.68 nm. In contrast, NF270 can be considered a
loose NF membrane (0.84 nm) [13]. Salt rejection tests were
carried out to simulate the standard conditions indicated by
the membrane datasheets. The average rejection of sodium
sulfate by clean NF270 and NF90 membranes was 97.8% and
98.7%, respectively. The pure water permeability and contact
angle of clean and fouled membranes are shown in Table 2.
As described in the table, NF270 was more permeable than
NF90 but provided lower solute rejection efficiencies. The
contact angle indicates the hydrophobicity of the membrane
surface. In the current study, NF90 had a larger contact angle
and possessed a more hydrophobic surface. An increase in
the hydrophobicity was clearly observed by a considerable
increase in the contact angle of both membranes fouled with
humic acid compared to that of clean membranes.

3.2. Variation of Tested Compounds during the Filtration Tests.
The concentration of all six compounds in permeate and
feed, as a function of the filtration time by NF270 and NF90
membranes, is presented in Figure 2. The concentration of
acenaphthylene, phenanthrene, pyrene, and dibutyl phthalate
in the feed solution decreased over time. The observed
decrease was likely due to the adsorption of these compounds
on the membrane because evaporation and adsorption onto
the experimental system were negligible in the control tests
(see Section 2). The feed concentration then stabilized as
the adsorption of the compounds to the membrane reached
equilibrium. In contrast to the results shown in Figures
2(a), 2(b), 2(c), and 2(f), the observed decrease in the
concentration of dimethyl phthalate in the recirculated feed
solution during NF270 and NF90 membrane filtration tests
was low, as shown in Figures 2(d) and 2(e).The concentration
of dimethyl phthalate and diethyl phthalate in permeate were
stable throughout the tests, which may be attributed to the
hydrophobicity of the contaminants used in this study. In
other words, lower hydrophobicity of dimethyl phthalate and
diethyl phthalate led to the lower adsorption by membrane.
Compared to the aqueous phase, a highly hydrophobic solute
preferentially adsorbs onto the membrane polymeric phase.
Compounds with log𝐾ow values (logarithm of the octanol-
water partitioning coefficient) less than 2.7 are considered to
be of low hydrophobicity, and compounds with log𝐾ow > 3
are considered to be of high hydrophobicity [27]. Acenaph-
thylene, phenanthrene, pyrene, and dibutyl phthalate, which

Table 3: Rejection of organic micropollutants by NF90 and NF270.

Compound Clean
NF90 (%)

Fouled
NF90 (%)

Clean
NF270 (%)

Fouled
NF270 (%)

Acenaphthylene 92.4 91.2 86.4 87.3
Phenanthrene 95.7 96.0 88.6 92.5
Pyrene >99.9 >99.9 92.3 >99.9
Dimethyl phthalate 87.9 95.0 32.1 65.8
Diethyl phthalate 95.3 92.0 50.4 75.6
Dibutyl phthalate >99.9 >99.9 50.0 59.6

are highly hydrophobic, as reflected by their high log𝐾ow
values (>3.0), showed apparent adsorption to the membrane
polymeric layer. In contrast, dimethyl phthalate and diethyl
phthalate presented low hydrophobicity (log𝐾ow < 2.7),
and their adsorption to the membrane polymeric layer
was not significant. Based on these results, the rejection
efficiency of hydrophobic compounds should be determined
after the adsorption of compounds to the membrane reaches
equilibrium. In the present study, the rejection efficiency of
acenaphthylene, phenanthrene, pyrene, and dibutyl phthalate
was determined based on 8 h of filtration.

3.3. Rejection of Organic Micropollutants. The rejection of
organics by NF membranes can be attributed to a number
of mechanisms, the most common of which are steric inter-
actions (or size exclusion), charge exclusion (repulsion), and
adsorption to the membrane surface. The organic micropol-
lutants investigated in the current study are undissociated at
the pH evaluated in the experiments (pH 7). In this case, ionic
(charge) interactions between trace organic contaminants
and the membranes do not exist, and steric exclusion and
adsorptive effects are expected to dominate.

The rejection efficiency of the organic solute was deter-
mined using

𝑅 (%) = (1 −
𝐶
𝑝

𝐶
𝑓

) × 100, (1)

where 𝑅 is the rejection and 𝐶
𝑝
and 𝐶

𝑓
are the solute

concentrations in feed and permeate, respectively. The rela-
tionship between the feed and permeate concentration was
converted into the rejection efficiency. Table 3 presents the
rejection efficiencies of all six compounds by NF90 and
NF270 membranes.

The results showed that the tight NF90 membrane
showed significantly higher rejection efficiencies compared
to the loose nanofiltration NF270 membrane for all of the
tested compounds. The rejection of PAEs by NF270 was
significantly lower than that of NF90, which was attributed
to the MWCO of the membrane. For neutral compounds
with low hydrophobicity, such as dimethyl phthalate and
diethyl phthalate, adsorption and charge exclusion are very
weak; thus, steric hindrance was the dominant mechanism
during nanofiltration. The rejection of compounds with
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0 2 4 6 8 10 12
0.0

0.1

0.2

0.3

0.4

0.5

Filtration time (h)

C
on

ce
nt

ra
tio

n
(m

gL
−
1
)

Feed
NF90 permeate
NF270 permeate

(f) Dibutyl phthalate

Figure 2: Change in concentration of (a) acenaphthylene, (b) phenanthrene, (c) pyrene, (d) dimethyl phthalate, (e) diethyl phthalate, and (f)
dibutyl phthalate during filtration test (applied pressure: 500 kPa).
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molecular weights (MW of 194–278 gmol−1) similar to or
greater than the MWCO of NF90 (200Da) showed higher
rejection rates. In contrast, for NF270 (300Da), which
possessed a higher MWCO than all of the MWs of the
PAEs, lower rejection rates were observed. Moreover, the
rejection of dibutyl phthalate, which possessed a higher
log𝐾ow than dimethyl phthalate and diethyl phthalate, did
not show significantly higher rejection efficiency by NF270.
This observation was supported by Yangali-Quintanilla et al.
[7], who found that larger hydrophobic neutral compounds
(MW 216–272 gmol−1) did not show considerably higher
rejection rates by loose NF200 membranes than low MW
hydrophilic neutral compounds (MW 151–194 gmol−1) due
to the diffusion of hydrophobic neutral compounds across
the membrane after saturation. The rejection of all of the
PAHs was high by both NF90 and NF270 and ranged from
86.4% to more than 99.9%. The rejection of acenaphthylene
and phenanthrene, which possess MWs (154 gmol−1 and
178 gmol−1) that are lower than the MWCO of both NF90
andNF270membranes, showed greater rejection efficiencies.
This result was attributed to the adsorption of compounds
to the membrane polymer, as evidenced by a decrease in
the feed concentration in the final stages of the experiment.
According to Nghiem et al., the adsorption of compounds
onto themembrane skin layer is fast and is not a rate-limiting
step. Rather, the rate of transport across the membrane is
governed by diffusion through the skin (active) layer of thin-
film composite NF membranes. Thus, the similar rejection
rates of acenaphthylene, phenanthrene, and pyrene by tight
NF90 and loose NF270 membranes were attributed to their
comparable active layer thicknesses. Similar performances
have also been observed for the rejection of natural hormones
by NF90 and NF270 membranes [11].

3.4. Effects of HA on the Membrane Rejection Behavior

3.4.1. Membrane Fouling. The extent of membrane fouling
can be described by the normalized permeate flux decline.
The ratio of the permeate flux (𝐽) and initial pure water
flux (𝐽

0
) was calculated as an indicator of membrane foul-

ing. Figure 3 presents the normalized permeate flux as a
function of time during fouling by HA for NF270 and
NF90 membranes. Similar to previous studies on membrane
fouling behavior due to organic matter, two distinct foul-
ing stages were observed [8, 28, 29]. A rapid flux decline
occurred immediately after HA was introduced to the feed
solution. Subsequently, a considerably slower flux decline
was observed, and a quasi-steady-state fouling layer fully
developed after approximately 12 h of filtration. The NF270
membrane exhibited a lesser decline (20% reduction) due to
fouling compared to the NF90 membrane, which presented
a 30% reduction in the normalized specific flux. According
to an atomic force microscopy (AFM) study performed by
Boussu et al., the NF90 membrane surface (mean roughness
of 38.8 nm) is rougher than the NF270 membrane (mean
roughness of 4.6 nm). Previous studies indicated that rougher
membranes are expected to foul to a greater degree than
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Figure 3: Normalized permeate flux of NF270 and NF90 mem-
branes (applied pressure: 500 kPa; concentration of humic acid:
50mg L−1).

smoother membranes. Thus, the higher flux decline for the
NF90 membrane was attributed to its greater membrane
roughness.

Compared to rejection by clean membranes, membrane
fouling resulted in the modification of membrane properties
and affected the rejection of organic micropollutants. A dark
brown layer of humic foulant was firmly attached to the
membrane surface after all of the fouling experiments. The
characterization of fouled membranes showed that there
was a significant change in membrane hydrophobicity after
fouling (Table 2). The rejection rates of selected PAHs and
PAEs by clean and fouled NF90 and NF270 membranes are
presented in Table 3. More than 90% of contaminants was
rejected by clean NF90 membranes and was not significantly
affected by fouling, except for the rejection of dimethyl
phthalate, which increased from 87.9% to 95.0% due to
fouling. This result was consistent with those of previous
studies performed by Nghiem and Hawkes [8]. The observed
increase in the rejection of dimethyl phthalate by fouledNF90
membranes was attributed to an enhanced sieving effect.
Regarding NF270 membranes, a significant enhancement in
the rejection of compounds with low hydrophobicity, such
as dimethyl phthalate and diethyl phthalate, was observed
(raised 33.7% and 25.2%, resp.) due to fouling. The observed
increase in rejection by fouled NF270 membranes, which
have a larger pore size (0.84 nm), was attributed to pore
blocking [8] and the increased hydrophobicity of fouled
NF270 membranes. Furthermore, a small but nevertheless
apparent increase in the rejection of the four hydrophobic
compounds by NF270 membranes under fouled conditions
was also observed, as shown in Table 3.

3.4.2. Effects of the Ionic Strength on Rejection. To study the
effect of the ionic strength on rejection, the salt content of the
feed solutionwas adjustedwithNaCl (10 and 20mM) after the
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Table 4: Effect of ionic strength on rejection of compounds by the two NF membranes (transmembrane pressure 500 kPa, pH 7.5; initial
concentration of compounds 0.5–0.8mg L−1).

Membrane/ionic strength Flux (Lm−2 h−1) Dimethyl phthalate (%) Diethyl phthalate (%) Acenaphthylene (%) Phenanthrene (%)
NF90

10mM 34.6 95.0 96.0 91.2 96.0
20mM 37.1 93.0 95.0 91.2 93.1

NF270
10mM 72.3 65.8 75.6 87.3 92.5
20mM 87.3 25.0 33.3 82.4 88.6

NFmembranes were fouled by humic acid. Table 4 shows the
rejection of dimethyl phthalate, diethyl phthalate, acenaph-
thylene, and phenanthrene by the twomembranes. ForNF90,
an increase in the ionic strength of the feed solution slightly
decreased the rejection of the compounds. In contrast, the
rejection of pollutions by NF270 decreased significantly as
the ionic strength increased, especially for dimethyl phthalate
and diethyl phthalate.The observed decrease in rejection was
attributed to the swelling of membrane pores, a reduction in
the compound’s hydrodynamic radius, or a combination of
these two phenomena [1, 30, 31]. The charge density of NF
membranes depends on the presence of salts at a constant pH
(which was maintained in the present study). Adding salt to
the solution resulted in a greater concentration of counterions
in the electrical double layer at the surface of the membrane
pores, which induced pore swelling and electrical double-
layer compaction. As a result, the apparent pore radius
increased. Alternatively, in a mixed solution of chemicals
and salt, a lower apparent volume of hydrated compounds
may be observed compared to in the absence of salt, and
hydrated compounds can permeate more freely through the
membrane. This effect becomes stronger when the salt con-
centration increases, which explains the observed decrease in
the rejection rate with an increase in the ionic strength. This
phenomenon was also confirmed by the observed increase in
flux due to higher salt concentrations in the feed solution.

3.4.3. Effects of the Transmembrane Pressure on Rejection
and Permeate Flux. To investigate the influence of trans-
membrane pressure on the performance of the membranes,
experiments were performed at 500, 600, and 700 kPa. In the
present study, dimethyl phthalate, the most hydrophilic com-
pound among the six tested chemicals, was used. Regardless
of the mechanism of adsorption, the effect of pressure should
be evident. Table 5 shows the rejection of dimethyl phthalate
and the permeate flux at different transmembrane pressures
for the two membranes. The rejection of dimethyl phthalate
decreased with an increase in the transmembrane pressure
for both NF90 and NF270 nanofiltration membranes, and
the permeate flux increased with an increase in the trans-
membrane pressure for both membranes.These results are in
accordance with those of previous studies [32], which showed
that the (initial) fluxes of membranes varied almost linearly
with the applied pressure. Nevertheless, different trends were
observed during long-termfiltration.Overall, the influence of
pressure on the performance of NF270 membranes was more
pronounced than for NF90.

Table 5: Influence of transmembrane pressure on dimethyl phtha-
late rejection and permeate flux (the feed solution contained
800mg L−1 dimethyl phthalate; pH 7.5, 10mM NaCl).

Transmembrane
pressure (kPa)

NF90 NF270
Flux

(Lm−2 h−1)
Rejection

(%)
Flux

(Lm−2 h−1)
Rejection

(%)
500 43.4 95.8 65.2 65.8
600 57.2 95.0 88.5 17.9
700 66.5 92.5 108 14.0

4. Conclusion

Rejection of PAHs and PAEs by NF was governed by
steric hindrance (or size exclusion) and adsorption to the
membrane surface and pore structure. Under both fouled
and clean membrane conditions, higher rejection rates of
all six selected micropollutants were achieved with the tight
nanofiltration NF90 membrane compared to with the loose
nanofiltration NF270 membrane. Although fouling had a
negligible effect on the rejection of micropollutants by the
NF90membrane, considerable effects were observedwith the
NF270 membrane, which possessed a larger pore size. The
observed enhancement in the rejection of micropollutants by
fouled NF270 membranes was attributed to pore blocking
and hydrophobic interactions between the membrane and
organic micropollutants. The rejection of PAHs and PAEs
was influenced by the ionic strength and transmembrane
pressure, which were affected by the structure and properties
of the micropollutants and membrane.
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