
Introduction

Production of drinking water from natural surface
waters requires the use of processes that are likely to pro-
vide high removal rates of different pollutants. Natural
organic matter (NOM) is one of the major groups of sub-
stances influencing water quality. Those substances range
from macromolecules to low molecular weight compounds
such as simple organic acids and short-chained hydrocar-
bons [1]. Aquatic humic substances, the dominant fraction
of NOM, generally comprise one-third to one-half of the
dissolved carbon in water [2]. Humic substances can be
regarded as natural anionic polyelectrolytes of rather inde-
terminate structure. They have various functional groups,
including carboxylic and phenolic, and a framework of ran-
domly condensed aromatic rings. Because of ionization of
carboxylic groups, humic substances will have a negative
charge at pH values above 4.5, and are generally soluble

under these conditions [3, 4]. The presence of NOM not
only results in yellow-brown colour of water but also
affects odour and taste. Moreover, organic macromolecules
form complexes with organic and inorganic pollutants and
act as precursors of disinfection by-products [5, 6].

Low pressure membrane processes are nowadays wide-
ly applied in the production of potable water [7]. In this sec-
tor, more popular are membranes made of polymeric mate-
rial. But recently ceramic membranes have frequently been
applied. Ceramic membranes are increasingly being used
due to their high resistance to mechanical, chemical, and
thermal stresses, ensuring use for longer periods [8].
Moreover, a sharp decrease in ceramic membrane price [9]
makes inorganic membranes competitive to commonly
used organic membranes. Microfiltration (MF) and ultrafil-
tration (UF), due to relatively big pores, have been
employed primarily for removal of microorganisms and
particles from waters [10]. MF is effective in turbidity and
particulate organic matter removal, as well as bacteria, pro-
tozoa and algae. UF can also remove viruses and some of
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the organic matter particles. Efficiency of NOM separation
by UF membranes is influenced by many factors, i.e. NOM
character, molecular weight distribution, water pH and
ionic strength, membrane cut-off, and material. Generally
UF is effective in high-molecular weight fraction of NOM
removal [11]. Moreover, low-pressure membrane processes
suffer from fouling that result in a decrease of permeate
flux. This has led to great interest in the integrated mem-
brane processes application involving pretreatment of feed
solution using chemical and/or physical techniques, to
effectively remove NOM and reduce the incidence of any
organic fouling. The application of integrated membrane
processes allows us to achieve two main important goals:
optimization of process hydrodynamics and the increase of
final water quality. A variety of pretreatment processes for
water ultrafiltration have recently been investigated.
Among them, the most frequently applied were coagulation
[12, 13] or activated carbon adsorption [14, 15].

Among the possible alternatives to coagulation for
NOM removal, several studies [16, 17] highlighted the
potential of the ion-exchange process in controlling the
concentration of organic substances in drinking water. The
interest in the ion exchange process application in the water
treatment increased when a new MIEX®DOC process was
developed by Orica. Magnetic Ion EXchange resin
(MIEX®) was optimized for the removal of negatively
charged organic particles from the water [18]. MIEX® is a
strong base anion-exchange resin with ammonia function-
al groups of a macroporous, polyacrylic structure. The
resin has a magnetic component incorporated into its poly-
meric structure. Its beads have a diameter of approximate-
ly 180 µm – 2~5 times smaller than traditional ion
exchange resins [19]. This results in the increase of total
surface area to volume ratio and a decrease in the resistance
to solid-phase mass transfer. During the operation of the
continuous process, NOM-rich water is contacted with the
resin, allowing ion exchange of organics onto the resin. The
high density and magnetic properties of the resin provide
rapid clarification of water during sedimentation following
the ion-exchange stage. The principle of the MIEX®DOC
process is depicted in Fig. 1.

The objective of the study was to compare the efficiency
of water treatment by MIEX®DOC process and ultrafiltration
with the use of ceramic membranes and to evaluate the effect
of MIEX®DOC water pretreatment on UF performance.

Experimental

Feed Water

The raw water was surface water from the Odra River
(Poland). The concentration of natural organic matter
expressed as colour was about 28.7 g Pt/m3, while UV
absorbance at 254 nm amounted to 0.158 cm-1. The feed
was characterized by a pH of 7.1 and a conductivity of
1,405 µS/cm.

Ultrafiltration Experiments

In the ultrafiltration experiments we made use of
CeramINSIDE 1-channel zirconium-titanium oxide mem-
branes (TAMI Industries) of cut-off 15 and 50 kDa. The
length of the membrane amounted to 0.25 m, and its effec-
tive filtration area equalled 0.0045 m2.

A cross-flow system (J.A.M. INOX PRODUKT) was
used in the ultrafiltration experiments. The experimental
UF set-up is presented in Fig. 2. It consisted of a reservoir
tank (10 dm3), a pump, pressure gauges, membrane module
and flow meter for retentate. Both retentate and permeate
were recirculated to the stirred feed tank in order to achieve
steady-state operation. The system was thermostated and
the temperature of the water was kept at 20ºC. The process
was run at a pressure range of 0.2~0.5 MPa.

Ion-Exchange Process

Preliminary tests were conducted to determine the opti-
mal MIEX® resin dose and mixing time. 1 dm3 of the feed
water was placed in a 2 l jar, dosed with an appropriate
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Fig. 2. Ultrafiltration cross-flow system: 1 – membrane module,
2 – feed tank, 3 –pump, 4 – flow meter, 5 – thermostat.



amount of the resin, and mixed at 150 rpm on a VELP
Scientifica JLT4 jar test apparatus. Resin concentration
amounted to 2.5, 5, 10 and 15 ml/l. While the samples were
being mixed, aliquots were taken from the jar top at mixing
times of 5, 10, 15, 20, 30, 40, 50, and 60 min. After 30 min.,
settling in each sample UV254 absorbance and colour
intensity was measured.

In order to determine the secondary pollution of the
water by resin, water was mixed with a particular amount
of resin, afterwards undergoing sedimentation. The concen-
tration of suspended solids was determined in the super-
natant.

Integrated Process

2.5 or 15 ml of MIEX resin per 1 l of feed water was
added and mixed for 20 min., followed by 30 min. settling.
Afterwards, 5 l of supernatant was placed in the pilot sys-
tem and water underwent ultrafiltration. The MIEX®DOC/
ultrafiltration process procedure is illustrated in Fig. 3.

Methods of Process Investigation

Transport properties of membranes were investigated
by measuring the rate of permeate flow through the mem-
brane under steady conditions.

Permeate volume flux (J) was calculated as follows:

(1)

...where V is permeate volume (m3), t stands for time (day),
and A denotes the effective membrane surface area (m2).

The efficiency of the examined processes was deter-
mined by measuring the amount of the organic matter in the
samples before and after each process. The NOM concen-
tration was monitored by measuring the UV absorbance at
254 nm, and colour intensity (Shimadzu UV1240 spec-
trophotometer). The retention coefficient of the measured
water parameters was determined using the following
expression:

(2)

...where R is the retention coefficient, and c0 and cp are the
parameter values of the feed and permeate, respectively.

In order to determine organic substance molecular
weight distribution, high-performance size execution chro-
matography was used. A detailed description of HPSEC
procedure has been given elsewhere [20].

Results and Discussion

Ultrafiltration

Transport properties of ceramic membranes were deter-
mined in the transmembrane pressure range 0.2~0.5 MPa.
Distilled water and surface water were passed though the
modules. The effect of applied pressure on membrane per-
meability is shown in Fig. 4. The volume flux of distilled
water varied from 0.69 m3/m2d to 3.15 m3/m2d for the
15 kDa membrane, and from 1.59 m3/m2d to 7.95 m3/m2d
for the 50 kDa membrane. For both membranes the perme-
ate volume flux versus transmembrane pressure was repre-
sented by a linear relationship as TMP was increased from
0.2 to 0.5 MPa. An essential drop in membrane permeabil-
ity was noticed when surface water was filtered. Due to
membrane fouling caused by organic and inorganic sub-
stances occurring in water, the permeate flux decreased to
the range of 0.173~1.21 m3/m2d and 0.38~2.94 m3/m2d,
respectively, for 15 and 50 kDa membranes. The higher
intensity of membrane blocking resulting in a decrease of
permeate flux observed for the 50 kDa membrane was
probably caused by penetration of NOM macromolecules
into membrane pores and their accumulation in the mem-
brane structure.
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The relationship between transmembrane pressure and
membranes separation properties is plotted in Fig. 5.
Generally for both membranes, the driving force increase
resulted in slight increase of NOM retention, but surprising-
ly higher retention coefficients were observed for 50 kDa
membrane as compared to the values noticed for the 15 kDa
one. This phenomenon may result from stronger 50 kDa
membrane fouling and accumulation of NOM particles in the
membrane structure. Moreover, internal membrane fouling
results in a decrease of membrane pore diameter, and thus the
improvement of separation properties may be achieved.

Analyzing the HPSEC chromatograms of riverine water
and water treated with the use of the 50 kDa ceramic mem-
brane (Fig. 6), it is evident that the membrane was effective
in high molecular weight substances separation. The con-
centration of organic fractions of MW>70 kDa decreased
by almost 77%. At some time the changes of organic sub-
stances of MW<10 kDa content were negligible. 

MIEX®DOC Process

Preliminary kinetic tests were conducted in order to
determine the influence of MIEX® doses and mixing times
on NOM removal efficiency. As can be inferred from Fig.
7, the increase of resin dose resulted in the increase of
NOM removal from treated water. For resin doses equal to
10 and 15 ml/l, removal efficiency reached maximum val-
ues within 10 minutes of contact time, while for smaller
doses this effect was achieved after approximately 20 min-
utes. Based on obtained results, mixing time equal to 20
min. was chosen as optimal for integrated process experi-
ments. 

Comparable values of Rcolour and Rabs, obtained in kinet-
ic tests of the ion-exchange process suggest that removed
NOM fractions responsible for water colour contained aro-
matic rings well detected by UV measurements.

As seen in Fig. 8, the ion-exchange process is effective in
the separation of low molecular weight organic substances.
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When Odra water was treated in the MIEX®DOC process
(resin dose 2.5 ml/l) the amount of organic fraction of
MW<10 kDa decreased by circa 62%. It should be noted
that water treatment with the use of MIEX® resin does not
influence the content to high MW fraction of organic sub-
stances. These conclusions are compatible with findings of
other researchers [21].

One of the limitations of the MIEX®DOC process appli-
cation in water treatment without any further treatment is
the secondary pollution of water caused by the residual
resin particles. As can be seen from Fig. 9, sedimentation of
some fine particles of resin are still suspended in solution
even after 60 min. Those particles generate turbidity of
water and, moreover, may cause a hazard for consumer
health. In water treatment plants applying the MIEX®DOC
process, typically sand filtration follows the ion-exchange
step. This guarantees obtainment of water free of any sus-
pended solids. Replacement of the sand filtration step by
UF may eliminate the problem of secondary water pollution
and decrease resin losses.

Integrated Process

The main goal of membrane separation process integra-
tion with other physico-chemical processes is to increase
system performance by improvement of separation proper-
ties and decrease of fouling intensity. As shown by data pre-
sented in Figs. 10 and 11, both targets may be achieved
when ultrafiltration on ceramic membranes is integrated
with the MIEX®DOC process. 
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Fig. 8. The HPSEC chromatogram of feed and MIEX®DOC-
treated water (resin dose 2.5 ml/l).
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Even for a small resin dose (2.5 ml/l), the increase of
NOM separation efficiency was significant. For example, at
Δp = 0.5, MPa Rcolour increased from 49.4% to 77.2% for the
15 kDa membrane, and from 72.9% to 77.9% for the 50
kDa membrane. Analogically, Rabs increased from 43.7% to
81.1%, and from 55.3% to 75.6%, respectively, for 15 and
50 kDa membranes. The increase of resin dose (up to 15
ml/l) brought about farther improvement of NOM reten-
tion. It might be assumed that improvement of NOM reten-
tion is due to the elimination of small organic particles in
the ion-exchange step; as presented in Fig. 6 the efficiency
of those fraction removals using ultrafiltration membranes
is limited. Moreover, application of ultrafiltration after the
MIEX®DOC process guarantees 100% retention of resin
particles remaining in water after the sedimentation step. In
this way, losses of resin, observed in the typical
MIEX®DOC process, may be excluded and water of tur-
bidity close to 0 NTU may be produced. In an investigated
integrated process it may be also possible to decrease the
time of sedimentation, as the ultrafiltration process may
retain suspended resin.

Integration of ultrafiltration with the ion-exchange
process also resulted in the decrease of membrane fouling
intensity. As presented in Fig. 11, the values of normalized
permeate flux J/J0 (J is the permeate flux and J0 is distilled
water flux) increased when water prior to ultrafiltration was
treated in the ion-exchange process. For example, for 50
kDa membrane the J/J0 value increased from 0.24 to 0.37
when feed water was pretreated with the MIEX® dose equal
to 2.5 ml/l (in the process carried out at Δp=0.3). However,
the increase of membrane permeability was not as strong as
might be expected, taking into account the efficiency of
NOM separation in the MIEX®DOC process. First of all, as
reported elsewhere [22, 23], MIEX® treatment removes
UV-absorbing organics to a greater extent than overall
DOC. Moreover, it seems likely that MIEX®DOC pretreat-
ments do not remove all NOM particles responsible for
membrane fouling. This finding is consistent with Son et al.
[24] observations, who found that MIEX® pre-treatment
leads only to a minor decrease in membrane fouling. 

Based on the literature review, the question of which frac-
tion of NOM is responsible for membrane fouling remains
unresolved. Some researchers [25, 26] suggest that high MW
NOM fraction is mainly responsible for membrane blocking
while others [27, 28] have proven that low MW fraction of
organic substances plays a dominant role in the intensity of
the fouling phenomenon. Analyzing results obtained in our
experiments, it seems that for tested ceramic membranes the
NOM fraction of high molecular weight was mainly respon-
sible for filter fouling.

Conclusions

The experiments performed show that integration of the
membrane processes with ion exchange makes it possible
to improve the efficiency of natural organic matter removal
and partly reduce the intensity of ceramic membrane block-
ing. This tendency is especially strong for high cut-off

membranes. MIEX® resin can be used to adsorb low-mole-
cular weight fractions of NOM, and ultrafiltration can be
used to purify waters from colloidal matter and residual
resin remaining in water after the sedimentation step. The
results obtained in this study reveal that such a combined
process could beneficially be used for the treatment of nat-
ural waters.
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