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Figure 6. Rejection of hydrophobic nonionic compounds by different fouled membranes.

Figure 7. Rejection of risperidone by HA, alginate, lysine, SRHA and surface water fouled NF270 vs. fouled membranes contact angle.

However, the rejection of risperidone and surface wa-
ter fouled membrane contact angle were an anomaly which
might be due to more severe CECP. No significant relation-
ship between rejection and surface roughness of the fouled
membrane was observed.

3.2.4 Nonionic hydrophilic compounds

The effect of fouling on rejection efficiencies of these com-
pounds was more pronounced compared to the hydrophobic
solutes. The rejection efficiencies of the nonionic hydrophilic
solutes by new and fouled membranes are shown as a func-
tion of their MW in Fig. 8. As can be seen, fouling generally
reduced the removal of trace organics, except for paraceta-

mol. The striking increase in paracetamol rejection with al-
ginate fouled membrane observed here was not confirmed by
previous studies (Hajibabania et al., 2011), and can be the
result of an unexpected manipulation error.

Paracetamol thus showed different rejection behaviours
compared to the other solutes, which again was due to its
small size. For paracetamol alone, fouling enhanced size
exclusion, with the extent of the increase in rejection vary-
ing depending on the foulant. The largest increases in rejec-
tion for paracetamol were observed for the surface water and
MBR permeate-fouled membranes, i.e., the foulants with the
largest fraction of low MW organic carbon fractions.
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Figure 8. Rejection of hydrophilic nonionic compounds by new and fouled membranes.

Trimethoprim, which was the largest solute in this group,
experienced a significant decrease in rejection from 98 to
46 % after membrane fouling. This indicates that the effect
of CECP on rejection was more pronounced for larger solutes
(since these solutes experienced a more significant hindered
back-diffusion).

Porous fouling structures enhanced the occurrence of
CECP, and consequently lead to increased transport of so-
lutes through the membrane. This decrease due to severe
CECP was most significant for SRHA and surface water foul-
ing layers. Humic acid and lysine fouling layers, on the other
hand, decreased the rejection of trace organics less than the
other OM used in this study. Both foulants resulted in a
higher TMP increase and conductivity rejection, which in-
dicates that they form closely-stacked fouling layers. Ap-
parently, the further size exclusion (sieving effect) was more
pronounced than the CECP effect for these foulants.

To investigate the effect of fouled membrane characteris-
tics on removal of nonionic hydrophilic compounds, the re-
jection of these solutes was plotted against the roughness and
contact angles of the fouled membranes. There was no linear
relationship observed between the rejection of hydrophilic
nonionic compounds and membrane surface roughness and
hydrophobicity (data not presented here). Therefore, size ex-
clusion still seems to be the most important mechanism for
rejection of hydrophilic solutes, with CECP playing an im-
portant role in the rejection of trace organics by fouled mem-
branes.

4 Conclusions

In this study, both synthetic and real waters containing or-
ganic matters were used to simulate membrane fouling and
to assess the impact of fouling on the rejection of trace or-
ganics by NF membrane. The well-controlled environment
used in this study allowed a detailed assessment of the rela-
tive contribution of different organic foulants. It can be con-
cluded that the effect of fouling on removal of trace organics
was more pronounced for nonionic compounds, as they can
approach and enter the fouling layer, in contrast to ionic so-
lutes, which tend to be repelled by the negatively-charged
fouling.

Porous fouling layers resulted in more severe CECP and
lower rejections of nonionic solutes. The similar rejection
trends obtained for hydrophobic and hydrophilic compounds
confirmed the influence of CECP. No clear correlation be-
tween rejection by fouled membranes and parameter used to
describe surface properties was observed. However, the com-
bination of two or more parameters (such as roughness and
charge and the concept of charge density) could be used to
explain the observed variations in rejection.
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