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A B S T R A C T

Nanofiltration (NF) is seen as a very promising technology to remove micropollutants (MPs) from wastewater.
Unfortunately this process tends to produce a highly saline concentrate stream, as commercial NF membranes
retain both the MPs and most of the ions. The high salinity makes subsequent degradation of the MPs in a bio-
reactor very difficult. The main goal of this study is to prepare and study a NF membrane that combines a low
salt rejection with a high MPs rejection for the treatment of secondary-treated municipal wastewater. This
membrane was prepared using layer by layer (LbL) deposition of the weak polycation poly(allylamine hydro-
chloride) (PAH), and the weak polyanion poly(acrylic acid) (PAA), on the surface of a hollow fiber dense ul-
trafiltration (UF) membrane. The ionic strength of the coating solutions was varied and properties of the formed
polyelectrolyte multilayers (PEMs), such as hydration, hydrophilicity, hydraulic resistance and ions retention
were studied. Subsequently we tested the apparent and steady state rejection of MPs from synthetic wastewater
under cross-flow conditions. The synthetic wastewater contained the MPs Diclofenac, Naproxen, Ibuprofen and
4n-Nonylphenol, all under relevant concentrations (0.5–40 µg/L, depending on the MP). PEMs prepared at lower
ionic strength showed a lower hydration and consequently a better retention of MPs than PEMs prepared at
higher ionic strengths. A strong relationship between the apparent rejection of MPs and their hydrophobicity was
observed, likely due to adsorption of the more hydrophobic MPs to the membrane surface. Once saturated
(steady state), the molecular size of the MPs showed the best correlation with their rejection, indicating rejection
on the basis of size exclusion. In contrast to available commercial NF membranes with both high salt and MP
rejection, we have prepared an unique membrane with a very low NaCl retention (around 17%) combined with a
very promising removal of MPs, with Diclofenac, Naproxen, Ibuprofen and 4n-Nonylphenol being removed up to
77%, 56%, 44% and 70% respectively. This membrane would allow the treatment of secondary treated muni-
cipal wastewater, strongly reducing the load of MPs, without producing a highly saline concentrate stream.

1. Introduction

Over the last few years, a great concern has been highlighted re-
garding the occurrence of micropollutants (MPs) in aquatic resources
and the subsequent effects on humans and the environment [1]. In
addition to the 45 priority substances on the European Watch List
(Directive, 2013) [2], an additional watch list of 10 priority substances
that should be monitored within the European Union was recently in-
cluded in Decision 495/2015/EU [3] indicating the growing attention
to this issue. In this regard, effluents of wastewater treatment plants
have been recognized as the main entry point of these compounds into
the aquatic environment [4]. Conventional treatment methods do not

lead to sufficient removal of MPs, and adding additional steps during
wastewater treatment is seen as the most promising way to reduce the
release of these compounds into surface waters [5]. To date, identifi-
cation of technically and economically feasible advanced wastewater
treatment options for the elimination of MPs from secondary-treated
effluent is ongoing. Adsorption processes, advanced oxidation processes
(AOPs) and membrane filtration are important examples of such tech-
nologies. Among these options, listed in Table 1, membrane technolo-
gies such as nanofiltration (NF) and reverse osmosis (RO) have at-
tracted a great interest because of high removal rates (> 90%) of low
molecular weight MPs, excellent quality of treated effluent, modularity
and the ability to integrate with other systems. On the other hand,
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