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ABSTRACT
This study focuses on applying of Ultrafiltration membranes (UF) as a
fractionation technique for size estimation of natural organic matter (NOM) in
two types of RO concentrates (Type A, and Type B) that collected from two
different water treatment pilot plants using different pretreatment techniques
before reverse osmosis systems. Ultrafiltration membranes from Koch with
nominal molecular weight cutoff (MWCO) of 1000Da, 10,000Da and 50,000Da
respectively were selected for fractionation processes.
Flux over time is measured during fractionation processes in both RO
concentrates. Rapid decrease in flux (ca.40%) were observed in type (B) RO
concentrate during fractionation process in all UF membranes whereas, the flux
is remained stable during fractionation processes in type (A) RO concentrate.
Type (B) RO concentrate contains high molecular weigh fraction of NOM,
which is responsible for flux decline due to the adsorption or a maximum
accumulation of NOM fractions on membrane surface. The adsorption or
accumulation of NOM fractions causes pores blockage or formation of a cake
layer on the membrane surface, which creates a resistance layer to the permeate
flux.
Fractionation results showed that ca. 80% of NOM in both RO concentrates
consists of molecular size fraction less than 1000Da.
TOC concentration and UV absorbance at 254 nm values were determined in
both RO concentrates. Results showed that these values are higher in type (B)
RO concentrate compared to type (A). The smaller values of TOC and UV
absorbance are due to the applying of ozone as a pretreatment step in type (A)
RO concentrate. Effect of ozone on NOM properties in type (B) RO concentrate
was studied. TOC concentration, UV absorbance were investigated before and
after ozonation process. Obtained results showed a slightly decrease in TOC
concentration (16%) and a significant decrease in UV absorbance value (54%).
Reason is that ozone leads to breakdown the double bonded of NOM converting
the large molecular size fractions of NOM into smaller fractions, which pass
easily through the membrane pose.
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INTRODUCTION
Natural organic matter (NOM) is a term using to describe the complex
mixture of organic compounds present in natural water, with varying
concentration and characteristics. NOM is formed as a result of the breakdown
of animal and plant materials in the environment. NOM can be divided into
humic and nonhumic fractions; the humic fraction is more hydrophobic in
character and comprises humic and fulvic acids. The nonhumic fraction is less
hydrophobic in character and comprises hydrophilic acids, proteins, amino
acids, and carbohydrates [2]. The presence of NOM in raw-water sources has a
significant impact on the efficiency of several drinking water treatment steps,
and thus on drinking water treatment costs and drinking water quality. The
molecular weights fractions of humic substances are vary within a broad
interval below 1000 Da. up to more than 100,000 Da. Carlson [1] had reported
that 75% of dissolved carbon in a lake water consisted of organic compounds
smaller than 3000Da. Until recently, humic substances were characterized by
nonspecific parameters based on their carbon content (i.e DOC), by their ability
to adsorb UV light (i.e. UV absorbance at 254 nm), or by their potential to form
trihalmethanes (THM).
NOM absorb light over a wide range of wavelength (λ), whereas inorganic
chemicals typically present in natural water do not absorb light significantly at
λ>~ 230 nm [3]. As a result, the absorbance of light by natural waters is a semiquantitative indicator of the concentration of NOM in the water. In the water
treatment industry, light absorbance at 254 nm has been found useful for
monitoring the concentration of dissolved organic carbon (DOC) on line, once
the correlation between DOC and A254 has established for the particular water.
Ozone has high oxidation performance and has high effectiveness for
decolorlation, odor removal and disinfection purpose. Ozone is now more
widely used in advance water treatment and wastewater treatment to improve
the quality of produced water. Applying of ozone as advanced pretreatment
step increases the lower molecular weight fractions, and decreases the higher
molecular weight fraction results in a significant change in NOM properties.
My sore [7] studied the effect of ozonation on NOM found that low
molecular weight fractions of NOM increased from about 10% to 40% of DOC
at ozone dose of 1mg of O3/mg of DOC. Owen [2] reported that the average
humic fraction percentage for ozonated sample was 33%, whereas the average
of the raw water humic fraction percentages for this water sample was 52%.
This indicated that the removal of NOM by coagulation, after ozonation, maybe
more difficult. Significant amounts of humic material remained after
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coagulation, suggesting that coagulation is not optimizing the NOM removal. If
ozone is combined with membrane technology, a better quality of water with
low cost expected to be produced [6].
Several methods exist for characterizing the size of macromolecules in
solution, including size-exclusion chromatography, field flow fractionation, and
ultrafiltration (UF). Ultrafiltration is a relatively inexpensive and simple
technique for fractionation of macromolecules in water. A particular advantage
of the ultrafiltration technique is its ability to process comparatively large
amount of water. Ultrafiltration membranes are typically characterized by
molecular weight cutoff values, which are generally established by calibrating a
membrane using molecules of known molecular weight.
Membrane
manufactures generally calibrate membranes and specify cutoff values based on
the rejection characteristics of globular molecules [5].
Ultrafiltration and Micro filtration membrane processes can effectively
remove turbidity and large molecular weight fraction of organic material, but
these membranes can not remove dissolved organic matter (e.g. low molecular
weight organic). NOM is limiting the capacity of the membranes due to the
accumulation of mainly organic matter on the membrane surface. The
accumulation of such organic matter is leaded to the formation of a fouling
layer on the membrane surface. This fouling layer reduces the flux through the
membrane. Therefore, sufficient removal of dissolved organic matter from
water requires additional removal process such as Nanofiltration and reverse
osmosis membranes [8].
This study focuses on applying of ultrafiltration as fractionation technique
for size estimation of NOM in water and effect of pretreatment (ozone) on the
properties of NOM.
MATERIALS AND METHODS
Water Samples
Two types of RO concentrates were collected from two water treatment
pilot plants using different raw water sources and different feedwater
pretreatment techniques before reverse osmosis systems. Pilot plant (A) uses
coagulation, flocculation, sedimentation, rapid sand filtration, ozonation,
granular activated carbon (GAC) filtration, and slow sand filtration. Pilot plant
(B) uses coagulation, flocculation, sedimentation, rapid sand filtration, and
ultrafiltration.
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Ultrafiltration Membranes
Ultrafiltration (UF) membranes from Koch with nominal molecular weight
cutoff of 1000Da, 10000Da, and 50,000Da, respectively, were used for
fractionation of NOM in RO concentrates. The characteristic of UF membrane
model is presented in Table 1.
Table 1. Characteristic of UF membranes of Koch model.
Membrane manufacture
Membrane Material
Nominal MWCO
Hollow Fiber Diameter
Hollow Fiber Length
Total Hollow Fiber Surface
Area
Operation Mode

Koch
Sulfonate Polysulfone
1000, 10,000, 50,000 Da
1.1 mm
0.64 m
0.46 sq.cm
Dead-end

The UF membranes were operated in dead-end operation mode. In deadend filtration the feed flow is perpendicular to the membrane surface. The
retained particles are accumulated and form a type of cake layer at the
membrane surface. The thickness of the cake layer increases with filtration
time and consequently the permeation rate decreases with increasing the cake
layer thickness.
The membranes were cleaned very well before each filtration cycle.
Sodium hypochlorite and citric acid were used as chemical cleaning agents.
Before each filtration cycle deionized water was filtered through the UF
membranes until the TOC concentration of deionized water in the influent and
effluent was to be equal. This is to be sure that there’s no OM released from the
membrane material.
Analytical Methods
Dissolved organic matter (DOC) in terms of TOC concentration was
measured in RO feedwaters and concentrates using Total organic carbon
analyzer (TOC). Ultraviolet absorbance of NOM at λ=254 nm was measured
using Ultraviolet spectrometer and 5cm quartz vessel.

Seventh International Water Technology Conference Egypt 1-3 April 2003

RESULTS AND DISCUSSION
Fractionation of NOM in RO Concentrates
Type (A) and type (B) RO concentrates were collected and fractionated
using UF membranes from Koch with nominal molecular weight cutoff of
1000Da, 10,000Da, and 50,000Da respectively. The TOC concentration of
Type (A) and Type (B) RO concentrates before fractionation processes were 4.8
mg/L and 14.5 mg/L respectively. Fractionation results (Table 1) showed that
about 80% of dissolved organic matter in both RO concentrates consist of
molecular size fractions less than 1000Da. The molecular size fraction bigger
than 50,000Da is higher in type (B) RO concentrate than in type (A) due to the
effect of ozone which is used as pretreatment step in pilot plant (A).
Table 1. Rejection of NOM by UF membranes in type (A) and type (B) RO
concentrates
Type of water
Type (A) RO concentrate
Type (B) RO concentrate

1000 Da
14.6%
17.9%

10000 Da
14.6%
17.2%

50000 Da
8.3%
14.5%

The obtained results are in an agreement with the results that obtained by
Newcombe [4]. He had investigated the size fraction of NOM in Mypoga
reservoir, and had found that 80% of NOM consists of molecular size fraction
less than 3000 Da. Carlson et al. [1] had investigated the molecular size
fraction of NOM in Sliver Lake water found that 75% of DOC in natural water
consists of molecular size fraction smaller than 3000 Da. However, using of
smaller pore size membranes <1000 Da is needed to investigate the molecular
size fraction of NOM in natural waters.
Flux Decline
Flux over time is measured during each fractionation process. Rapid
decline in flux (ca.40%) was observed in type (B) RO concentrate after one
hour of fractionation processes (Figure 1). A general trend that the flux
decreases due to the adsorption of NOM on the membrane surface, which
caused pore blockage, or accumulation of NOM particles in the membrane
surface and forming a cake layer. The formed cake layer is created a resistance
to the permeate flux. The Flux was stable in type (A) RO concentrate during
one hour of experimental run (Figure 2), due to the less adsorption or
accumulation of molecular size fraction of NOM on the membrane surface. In
type (A) RO concentrate NOM molecules became smaller after using of ozone
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and activated carbon filtration as pretreatment steps which decrease the number
of blocked pores of the membrane.
Flux VS Time in Type (A)
RO Concentrate
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Figure 1. Flux VS time in fractionated Figure 2. Flux VS time in fractionated
Type (B) RO concentrate
Type (A) RO concentrate

TOC and UV Absorbance Measurements
Natural organic matters that are aromatic in structure or that have
conjugated double bonds absorb ultraviolet light over wide range of
wavelength. Ultraviolet absorbance (UV) at 254 nm is often used as a simple
measurement for DOC that is especially effective for water containing aquatic.
The specific UV absorbance (SUVA) is an instructive measurement for water
supplies. SUVA value is calculated using the following formula:
UV
L
SUVA= −
[
]
TOC mg.m
TOC concentration, UV absorbance and SUVA values were determined
and it was found that the type of NOM in both RO concentrates is hydrophilic,
low aromatic and has low molecular weight fraction. The higher UV
absorbance and SUVA values show that the molecular size fraction of NOM in
type (B) RO concentrate is higher compared to type (A) RO concentrate. The
smaller UV absorbance and SUVA values in type (A) RO concentrate is due to
applying of ozone as pretreatment step.
Figures 3 and 4 show the TOC, UV absorbance and SUVA values in
fractionated type (A) and type (B) RO concentrates using UF membranes with
different MWCO. Results showed that no change in these values after applying
UF membranes for fractionation processes with different MWCO. Membrane
cutoff is less important to TOC, UV, and SUVA values in the range of 1000 –
50,000Da.
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TOC, UV, and SUVA values in
fractionated type (B) RO concentrate
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Fig. 3 TOC, UA absorbance and SUVA
values in fractionated type (A) RO
concentrate.

Fig. 4 TOC, UV absorbance, and
SUVA values in fractionated type (B)
RO concentrate

Effect of Ozone on NOM
Ozone has high oxidation performance is widely used in advance water
treatment to improve the quality of produced water. To investigate the effect of
ozone on the properties of NOM, type (B) RO concentrate was collected and
ozonated at KIWA company with ozone dose of 0.42 mg of O3 / mg of TOC.
TOC concentration, UV absorbance, and SUVA values were measured before
and after the ozonation process (Figure 3).
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Figure 3. TOC concentration, UV absorbance and SUVA values
of non-ozonated and ozonated type (B) RO concentrate
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A little reduction of TOC concentration (ca.16%) is achieved by
ozonation. The significant decrease was observed in UV absorbance value (ca.
54%) and SUVA value (ca. 44%). These results are in agreement with the
results obtained by Owen [2]. He reported that the percentage of humic fraction
of raw water sample was 52% whereas; the humic fraction percentage after
ozonation became 33% only. After ozonation process NOM molecules become
smaller which decreases the number of blocked pores size of the membrane.
CONCLUSIONS
Ultrafiltration as a fractionation technique is a very suitable and time
saving technique for fractionation of molecular size fraction of NOM in water.
Molecular size fraction of NOM in type (A) and (B) RO concentrates
using UF membranes of (1000Da, 10000Da and 50000Da) showed that 80% of
molecular size fraction of NOM in both RO concentrates less than 1000Da.
Flux decline of about 40% was observed during fractionation process in
type (B) RO concentrate; whereas the flux was stable in type (A) RO
concentrate. Less fouling problems in waters containing lower molecular size
fraction of NOM.
The UV spectroscpoic investigation of NOM in type (A) and type (B) RO
concentrates showed that NOM in type (B) RO concentrate is contained more
double bonded fractions compared to type (A) RO concentrate.
The effect of ozonation on the properties of NOM in type (B) RO
concentrate was investigated. About 54% decrease of UV absorbance, 44%
decrease in SUVA and slightly decrease (16%) in TOC concentration values
was observed.
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