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Abstract 
Low pressure membranes are nowadays used to treat different types of water, from 

underground water to surface water, seawater and wastewater. While for easy water, 

such as underground water, pretreatments upstream ultrafiltration membranes are 

limited to a fine screening, more complex pretreatments have been widely employed 

at full scale to reduce membrane fouling and/or increase the removal of certain 

compounds such as organic matter. The principal pretreatments include adsorption, 

oxidation, coagulation, and multi-media filtration. This study demonstrates that the 

ultrafiltration step is influenced mainly by the organic content and to a less extend by 

the suspended solids while producing a treated water with constant and low turbidity 

and silt density index limiting the biofouling of the downstream reverse osmosis 

membranes. 
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Introduction 
Pre-treatment prior to reverse osmosis (RO) is used to remove contaminants that can 

influence the biofouling of the RO membranes. The type of pretreatment will depend 

of the raw water quality and will have an influence on the quality of the treated water 

and on the RO membrane fouling in different ways. Pretreatments involve one or 

more steps such as coagulation, flocculation and particle separation which include 

(1) granular media (GM) filtration, (2) clarification and GM filtration, (3) clarification 

and low-pressure membrane (LPM) filtration such as ultrafiltration (UF) membranes, 

(4) dissolved air flotation (DAF) and GM filtration, or (5) DAF and LPM filtration. 

 

  



Results and Discussion 
To compare the effectiveness of different pretreatments on the behavior of an 

inside-to-out UF membrane, made of modified hydrophilic polyethersulfone (PES) 

and operated in a dead-end mode, and the related influence on the ultrafiltered water 

quality, three plants treating either seawater or lake water were selected, all of them 

having rather high feed water turbidity and organic content. Various physicochemical 

parameters were monitored to compare the efficiency of the pretreatments upstream 

of the UF and to evaluate the variation of the quality of the ultrafiltered water. The 

monitoring of the variation of the permeability of the three plants gives an indication 

of the fouling behavior of the membranes by the pre-treated water entering the 

membranes. For all three plants, the permeability does not directly vary in function of 

the suspended solids concentration (indirectly measured by the turbidity) but is 

mainly influenced by the organic matter content. The study demonstrates that the UF 

step can reduce the organic matter concentration to a minimum, without additional 

in-line coagulant addition prior to the UF. The study confirms the efficiency of the 

backwash in completely rejecting particles out of the lumen of the fibers. It is also 

demonstrated that operation without pretreatment in regard of suspended solids 

removal will impact the recovery while maintaining a stable UF performance. 

 

Conclusion 
This study demonstrates that, depending of the raw water source quality and the 

associated pre-treatment, the UF step will be influenced mainly by the organic 

content and to a less extend by the suspended solids. It also demonstrates that the 

UF step will produce a water with turbidity < 0.1 NTU and a SDI15 always < 2 but with 

an organic content which varies in function of the pretreatment. Pretreatment to UF 

for reduction of high suspended solids will enable the economical use of dead-end 

UF (100 ppm TSS continuously max). The use of additional mechanical filters, like 

sand or multi-stage filters, is not significantly impacting the UF design, as the major 

design criteria is the dissolved organic content in the feed water. In-out filtration 

technology with a strong backwash has advantages in cleaning the membrane 

residue-free on long term view, without loss in permeability. Having extremely small 

pores, PES in-out membranes removes a part of the organics. In-line coagulation 

prior the UF is not mandatory, but can support the stable operation during a variation 

of the organic content in the feed water. 
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