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The spectral contour plots and excitation and emission spectra of each
identified DOM component are shown in Fig. 2. From the peak results of fluorescence
EEM in Fig. 2a, the Humic acid-like (HL), fulvic acid-like (FL), aromatic protein group
(AP), and soluble microbial products (SMPs) were detected in the WWTP tertiary
effluent (Chen, W. et al. 2003). Figs. 2b, 2c, and 2d present the results of treated
effluents by MWNT, EG, and GAC adsorption. After the adsorption process, the signal
intensity of the organic components in the WWTP tertiary effluent was reduced in all
cases. In particular, in Figs. 2b and 2c, SMPs and the aromatic group are significantly
removed by the MWNT and EG adsorbents compared to the GAC adsorbent in (Fig. 2d)
where all the peaks of the organic components still remain. The selective adsorption
phenomena between functional groups (e.g., carbonyl, aromatic, and carboxyl) in DOM
and the surface of the MWNT and EG adsorbents are driven by n-r interaction (Hyung,
H. and Kim, J. 2008).
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Fig. 2 Excitation—emission matrix (EEM) fluorescence spectra of the effluent of (a)
wastewater treatment plant (WWTP) tertiary effluent, (b) MWNT, (c) EG, and (d) GAC
adsorption.

3.2 Normalized flux of ceramic NF membranes

The normalized flux of ceramic NF membranes using feed solutions, which are
pretreated by various CBAs, is shown in Fig. 3. Among the GAC, MWNT, and EG
adsorbents, the MWNT adsorbent was the most effective in terms of decreasing fouling
on the ceramic NF membranes, achieving a 30% decrease of the initial flux after 4 h.
The highest flux decline of the ceramic NF membranes was represented in the GAC
adsorbents with a 30% decrease of the initial flux within around 30 min. In Fig. 2, the
results of normalized flux were not significantly different between the GAC adsorbent
and raw water without a pretreatment process as a result of containing a greater
amount of SMPs and aromatic groups than MWNTs and EG in the feed solution. This
indicates that the performance of ceramic NF membranes is significantly affected by
the composition of organic matter in feed solutions.
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Fig. 3 The normalized flux of ceramic nanofiltration (NF) membranes using feed
solutions of wastewater treatment plant (WWTP) tertiary effluent, MWNT, EG, and GAC
adsorption effluent.

In Table 2, the rejection of DOM by ceramic NF membranes in WWTP tertiary
effluent without pretreatment of adsorption was 91.0 + 0.4%. The final removal
efficiency of DOM by ceramic NF membranes after GAC, EG, and MWNTs adsorption
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was 89.0 + 0.3%, 89.1 + 0.5%, and 90.3 + 0.4%, respectively. Fig. 4 shows that the
ceramic NF membranes could reject all components of the DOM. The removal
efficiency of the ceramic NF membranes was not improved by the pretreatment process.
However, the permeability was significantly affected by adsorption pretreatment. The
residual SMPs in the feed solution of the ceramic NF membranes are known to have a
bimodal distribution with less than 1 kDa of molecular weight or greater than 10 kDa
(Jarusutthirak, C. and Amy, G. 2006). The residual SMPs with molecular weight less
than 1 kDa could be crucial compounds that can cause fouling on ceramic NF
membranes with 1000 Da of MWCO in this study. Therefore, the permeability of the
ceramic NF membranes using effluents that have less SMPs by MWNT and EG
adsorption was superior to that of membranes with the effluent after GAC adsorption,

as presented in Fig. 3.
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Fig. 4 Excitation—emission matrix (EEM) fluorescence spectra of the permeate from
ceramic nanofiltration (NF) membranes using feed solutions of (a) wastewater
treatment plant (WWTP) tertiary effluent, (b) MWNT, (c) EG, and (d) GAC adsorption
effluent.

3.3 Chemical cleaning

Fig. 5 presents the normalized flux of ceramic NF membranes with the effluent
from GAC and MWNT adsorption. The chemical cleaning was conducted three times
with 1 wt% of NaOH and HCI, respectively, when the flux reaches 65% of the original
flux. By the chemical cleaning with NaOH and HCI, the initial flux of the ceramic NF
membranes was successfully recovered, as seen in Fig. 5. The use of high acid and
base chemical agents can remove the foulants including SMPs and other irreversible
foulants on ceramic NF membranes, which are known to have superior chemical
resistance (Adadi, S. et al. 2011). When the MWNT adsorption process is included as a
pretreatment process, the chemical cleaning period of the ceramic NF membranes can
be increased more than twofold as compared with the feed containing SMPs. This
implies that the ceramic NF membrane process, combined with an adsorption process
using MWNTs and EG adsorbents, can reduce operating costs for wastewater reuse by
reducing the chemical cleaning cycle by removing organic compounds such as SMPs in
the feed. Although the additional adsorption process can increase capital costs, a
reduction of the total cost can be expected as the semi-permanent and stable ceramic
NF membrane can be used without replacement (Durham, B et al. 2001).
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Fig. 5 Normalized flux of ceramic nanofiltration (NF) membranes with the effluent from
GAC and MWNT adsorption (Chemical cleaning with 1 wt% of NaOH and HCI,
respectively, when the flux reaches 65% of the original flux).

3. CONCLUSIONS

We proposed an effective pretreatment process for ceramic NF membranes
using CBAs. MWNT and EG adsorbents, which have relatively large pores, can
decrease the fouling of ceramic NF membranes by removing the SMPs and aromatic
groups from the WWTP tertiary effluent. Moreover, the ceramic NF membranes can be
operated by an adsorption process with extension of the chemical cleaning cycle, which
can reduce the operating cost. Consequently, MWNT and EG adsorbents to remove
microbial products of organic foulants can be applied as an effective strategy to reduce
ceramic NF membrane fouling to reuse secondary and tertiary treated wastewater
effluent containing various organic compounds.
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