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A B S T R AC T

Reverse osmosis (RO) in existing water reuse facilities is a water industry standard. However, 
that approach may be questioned taking into consideration that “tight” NF can be equal or “bet-
ter” than RO. NF can achieve the same removals of RO membranes when dealing with emerg-
ing organic contaminants (pharmaceuticals, pesticides, endocrine disruptors and others). 
Experiments using 18 emerging contaminants were performed using membranes NF200 and 
NF90 at bench-scale units, and for a more complete study, results of NF and RO pilot and full-
scale experiments where compared to our experimental results. The removal results showed 
that NF can remove many emerging contaminants. The average removal by tight NF was 82% 
for neutral contaminants and 97% for ionic contaminants. The average removal by RO was 
85% for neutral contaminants and 99% for ionic contaminants. Aquifer recharge and recovery 
(ARR) followed by NF can effectively remove emerging contaminants with removals over 90% 
when loose NF membranes are used.

Keywords: Water reuse; Nanofi ltration; Reverse osmosis; Emerging contaminants

1. Introduction

Water stress in many regions of the world is leading 
to an increase of water reuse projects. In principle munic-
ipal wastewater is being reclaimed by using membrane 
technology in the Netherlands [1], Kuwait [2], Australia 
[3], Singapore [4], just to name a few cases worldwide. 
The municipal wastewater of the city of Terneuzen 
(Zeeland, Nederland) is providing Dow Benelux B.V. 
(Terneuzen) of water treated after microfi ltration (MF) 
and reverse osmosis (RO) [1]. The booming of water 
reuse projects is expected to increase mainly driven by 
population growth, climate change and urbanization in 
areas where water scarcity can pose a serious problem. 

For instance, in Spain, the Spanish government is set-
ting up a new plan for water reuse and recycling in 2010; 
as a result, reuse and recycling is expected to increase 
from 368 million m³/yr by the end of 2009 to one bil-
lion m³/yr by 2015 [5–6]. The benefi t of water reuse is 
undeniable; however there are concerns of contamina-
tion or prevalence of emerging organic contaminants 
in the product. Those emerging organic contaminants 
enclose pharmaceutically active compounds (PhACs), 
endocrine disrupting compounds (EDCs), personal care 
products (PCPs) and other organic compounds used in 
the industry. The organic contaminants are either only 
moderately or not removed during conventional waste-
water treatment as well as subsequent conventional 
drinking water treatment [7–9]. As a result, organic com-
pounds have been detected in many surface waters in 
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