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ABSTRACT

Characterization of seawater quality is crucial to determine the selection and design of pretreatment
process as well as to manage membrane fouling in seawater reverse osmosis (SWRO) plants. In some
cases, conventional seawater quality parameters are limited in explaining the regional variations
of raw seawater and/or in predicting the extent of membrane fouling because of poor correlations
between the amounts of impurities in seawater and the resultant membrane fouling. In this study, four
seawater quality parameters (P-MFI, C-MFI, PROTEIN and HUMIC) are newly employed to investi-
gate whether those parameters could overcome the current limitations of conventional parameters.
Seawater samples have been collected periodically from five different SWRO plants and then analyzed
by multiple membrane array system to obtain the two different MFI values and by fluorescence spec-
trophotometer for PROTEIN and HUMIC quantifications. Statistical analyses of seawater quality data
from the SWRO plants showing the different extent of membrane fouling suggest that those parame-
ters are useful to estimate membrane fouling by all types of impurities such as particles, colloids and
organic matters in seawater. In addition, the four suggested parameters (P-MFI, C-MFI, PROTEIN and
HUMIC) could better specify the regional differences of seawater quality and the changes of impurities
from raw seawater to RO feedwater according to operating conditions, which would be the basis to
establish the practical guidelines for a pretreatment design and an efficient operation of SWRO plants.

Keywords: Seawater reverse osmosis (SWRO); Seawater quality; Membrane fouling; Fouling index;
SWRO plant operation

1. Introduction

Reverse osmosis (RO) is a well-established technology
with many successful cases of industrial plant design and
operation [1,2]. However, sometimes RO plant suffers
from severe membrane fouling, which results in a reduced
plant availability as well as an increased operational cost
due to frequent shutdown for RO membrane cleaning
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and replacement [3,4]. Alternative design and/or operation
strategies for pretreatment could minimize RO membrane
fouling, while this will be only possible with reliable sea-
water quality parameters that correlate well with the extent
of membrane fouling. There are several cases of severe RO
membrane fouling reported even though the feed water
quality to RO membrane in terms of conventional water
quality parameters meet the guidelines of RO membrane
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manufacturers [4-6]. In these cases, it is difficult to find out
the reasons for membrane fouling because conventional
water quality parameters might be less useful as barometers
for plant design and operation. Therefore, it is very important
to develop better seawater quality parameters to mitigate the
limitations of conventional water quality parameters.

With conventional seawater quality parameters, it is
sometimes difficult to quantify how much impurities exist
in seawater and thus it is difficult to expect how much
membrane fouling would occur [7-10]. For particulate
matters mostly larger than 0.45 um in seawater, the typical
conventional parameters are total suspended solid (TSS),
nephelometric turbidity unit (NTU), and silt density index
(SDI). These three parameters are important to evaluate the
performance of pretreatment processes, but there are known
limits. TSS measurement has high error for seawater samples
typically found at the intake of a desalination plant because
their particle content is below the reliable quantification
ranges of TSS [11,12]. SDI measurements correlate well
with particle concentration, only if the particle content is
very low [13]. Raw seawater frequently exceeds the quanti-
fication ranges of SDI measurements. Turbidity is a simple
and fast measurement for particle content in seawater but
the value differs according to the characteristics of particles
in seawater, such as size and composition [14]. Therefore,
the evaluation of seawater quality by the conventional
parameters might lead to an inadequate design of the pre-
treatment configuration due to misunderstanding of the
regional and/or seasonal variations of particle contents in
seawater. On the other hand, these parameters are not cor-
related (in linear or any other function theoretically based)
with the extent of RO membrane fouling because they are not
based on any filtration or fouling mechanisms [13,15].

For organic contents in seawater, total organic carbon
(TOC) and ultraviolet at 254 nm (UV254) are usually
employed. However, several reports have indicated that
the two parameters are not enough to predict membrane
fouling in RO by organic matters [7,10,16-18]. The type of
organic matters is more critical in membrane fouling rather
than the amount of organic matters (such as TOC) [19]. So,
several analytical methods have been suggested alterna-
tively to predict a RO membrane fouling by organic matters:
transparent exopolymeric particle, biopolymer, building
block, humic acid, low molecular weight acid and assimilable
organic carbon [7,18,20]. In some cases, these parameters
showed close correlation to RO membrane fouling. However,
employing these parameters for RO plant operation might be
a bit difficult, because the measurements require expensive
instruments and specialized analysts.

In order to complement the limitations of the conventional
seawater quality parameters for RO plants, four different
seawater quality parameters are proposed in this study to
estimate the membrane fouling potential by particles, colloids
and organic matters in seawater. First, multiple membrane
array system (MMAS) provides two modified fouling indi-
ces (MFIs), which are particle-MFI (P-MFI) and colloid-MFI
(C-MFI), by filtering seawater in series through 0.45 pm
and 100 kDa pore-sized membrane filters, respectively [21].
MFI is based on the cake filtration theory, which measures a
resistance of membrane filtration resulted from the foulants
in seawater, thus they are linear to the concentration of the

foulants [9,22]. P-MFI is measured by the resistance formed
on the first microfiltration membrane during the seawater
filtration. The filtered water is then fed to the second ultra-
filtration (UF) membrane filter to obtain C-MFI value that
stands for the resistance caused by the foulants that passed
through the first membrane. This approach provides for both
the separation of foulants and the evaluation of the fouling
potential as particle (P-MFI) and colloid (C-MFI). In addi-
tion, excitation emission matrix (EEM) and parallel factor
(PARAFAC) analysis are employed to quantify the organic
matters in seawater as HUMIC and PROTEIN [23]. These two
parameters are good candidates to understand the origins of
organic matters (terrestrial or biological) as well as the effect
of organic fouling on membrane [19]. Whether the four differ-
ent parameters could represent a seasonal and regional varia-
tions of seawater quality and what could be the appropriate
concentration of those parameters to mitigate RO membrane
fouling are the interests of this paper. The results could be
also used as a basis for optimizing some operating conditions
as well as for designing a reliable plant with a minimized risk
of membrane fouling.

2. Materials and methods
2.1. Plant descriptions

Three different full-scale commercial RO plants (plant A,
plant B and plant C) and two different pilot-scale plants (plant
D and plant E) are investigated in this study (Table 1). Plant A
islocated in South Korea and the others are in the Middle East.
Two different pretreatment processes are installed in parallel
at plant A and plant D. In particular, UF at plant D have three
independent systems from different suppliers in parallel.
Periodically, raw seawater has been collected from the sam-
pling line after a seawater intake pump, and RO feedwater has
been collected from the sampling lines after the outlets of dual
media filtration (DMF) or UF for all the five RO plants.

2.2. Seawater quality analysis

Seawater (20 L) is regularly collected to measure the
conventional seawater qualities, MMAS and fluorescence.
Some portion of the collected water is first analyzed for
turbidity using a turbidity meter (2100P, Hach, USA)

Table 1
Configurations and sampling duration of five different RO
plants investigated in this study

Plant Pretreatment = SWRO Sampling
process process duration

A DAF + UF, Partial two Aug 2014 - Aug 2015
DAF + DMF pass

B DAF + DMF Partial two Mar 2017 — Dec 2017

pass

C DAF + UF Partial two July 2014 — July 2016

pass

D DAF +DMF,  Single pass  Jan 2017 — Dec 2017
DAF + UF

E DAF + UF None Apr 2017 - Oct 2017
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and for UV, using a UV spectrophotometer according to
a standard method [5]. In addition, MMAS is employed
to measure the SDI, P-MFI and C-MFI values with about
15 L of the collected seawater [21]. MFI measurements are
carried out according to the ASTM test method D4189.
P-MFI is obtained by filtering a seawater sample through
0.45 um pore sized membrane (Millipore Corp., HAWP,
mixed cellulose esters) under 2.07 bar. The filtrated water
is then fed to the 100 kDa pore sized membrane (Millipore
Corp., PLHK, regenerated cellulose) under 12.4 bar to obtain
C-MFI values. The filtered water by 0.45 um membrane is
also analyzed to obtain an EEM by a HORIBA Jobin Yvon
AquaLog fluorometer (Horiba Scientific, USA). Fluorescence
emission wavelengths are 240-600 nm (increment about
2 nm) and excitation wavelengths are 220-500 nm (incre-
ment 5 nm). The obtained fluorescence data are processed
with MATLAB using PARAFAC tools in the N-way toolbox
[24]. HUMIC and PROTEIN are quantified by converting
EEMs based on the established PARAFAC model [24].

2.3. Data collection and analytical methods

Seawater quality data (turbidity, SDI, P-MFI, C-MF],
PROTEIN and HUMIC) obtained from five different plants
are analyzed by Origin software (OriginLab, Northampton,
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MA). Plant operation data (differential pressure increase of
RO train, filtration flux of UF system, loading rates of DMF
system, ferric dosing rates, etc.) are obtained from each plant.
Statistical analyses are carried out to evaluate the correlation
between the seawater quality and the plant operating
parameters by the Origin software.

3. Results and discussion
3.1. Comparison of seawater quality parameters

P-MFlis compared with the conventional seawater quality
parameters (SDI ; and turbidity). The three parameters were
measured at the same time for the samples collected from
plant C and D. P-MFI values have relatively linear correlation
with those of SDI ; only when SDI ; <5 (inset in Fig. 1(A)). In
the region of SDI , > 5, the increment of P-MFI values is much
higher compared with that of SDI; (Fig. 1(A)), which indi-
cates that P-MFI has better resolution for seawater quality
than SDI ; in the range. Similarly, P-MFI values have linear
correlation with those of turbidity in the range from 0.4 to
10 NTU which is typically found in raw seawater of seawa-
ter reverse osmosis (SWRO) plants (Fig. 1(B)). P-MFI values
are highly varied ranging from 1 to 10 when turbidity val-
ues are in the range of 0.1 to 0.3 NTU. These results strongly
suggest that P-MFI could be the substitute for both SDI
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Fig. 1. Comparison of the seawater quality parameters obtained from SWRO plants. P-MFI and SDI values from plant D are plotted
in (A). P-MFI and turbidity values from plant C are plotted in (B). TOC and fluorescence intensity as HUMIC and PROTEIN from
plant A and D were compared in (C) and (D), respectively. Inset in (A) is the enlarged view of the region where P-MFI and SDI shows
a linear correlation. *Fluorescence intensity (counts per seconds) represents a peak volume of 3D-EEM (excitation emission matrix).
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and turbidity as well as that seawater quality could be traced
from raw seawater to RO feedwater by P-MFI due to its wide
quantification range. On the other hand, comparison of both
MFI and SDI; in terms of membrane fouling was reported in
several studies [8,9].

TOC values are compared with those of PROTEIN and
HUMIC (Figs. 1(C) and (D)). All measurements were carried
out with the samples collected from plant A and D during
Jan and Feb 2017. The values of the three different parame-
ters are higher at plant D than at plant A. The difference of
PROTEIN and HUMIC values at both plants is more distinct
compared with that of TOC. PROTEIN could be a parameter
showing the extent of microbially-derived organic matters
(MOM) which are composed of biopolymer, building block
and a low molecular weight acid because some fractions of
MOM include protein molecules [16,19]. Although PROTEIN
parameter cannot cover non-protein fraction of MOM, it
could serve as a surrogate for MOM once protein content
of MOM is not significantly varied. HUMIC is a dominate
fraction of terrestrially derived organic matters [19]. This
approach allows for the separation of organic matters accord-
ing to their origins closely related to the properties (molecu-
lar weight, polarity and charge density) that are important
factors in membrane fouling.
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3.2. RO feedwater quality guidelines by the four different water
quality parameters

RO feedwater quality guidelines are aimed to define an
appropriate level of impurities that could secure an RO mem-
brane from severe membrane fouling. In order to establish
the guidelines by the four proposed seawater quality param-
eters (P-MFI, C-MFI, PROTEIN and HUMIC), RO feedwater
quality is analyzed at four different SWRO plants (plant A,
plant B, plant C and plant D), showing the different extent
of RO membrane fouling (Fig. 2). The extent of the mem-
brane fouling in the SWRO plants is classified by three dif-
ferent grades according to the number of clean-in-place (CIP)
operations carried out in RO membrane for a year operation:
low fouling (CIP < 2 times per year, plant A and plant B),
moderate fouling (CIP = 2—-4 times per year, plant D), and
heavy fouling (CIP > 10 times per year, plant C). The number
of CIP could be used as a rough index for membrane fouling,
because the CIP has been carried out when the normalized
pressure drop (DP) between the feed and concentrate head-
ers reaches to usually 150% of the initial DP due to mem-
brane fouling. Pretreated water quality is regularly analyzed
for P-MFI, C-MFI, PROTEIN and HUMIC at the four SWRO
plants. Comparing the pretreated water qualities from the
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Fig. 2. RO feedwater quality as P-MFI (A), C-MFI (B), PROTEIN (C) and HUMIC (D) from the four different SWRO plants (Y axis is the
relative values (%) of the four parameters and dots are the raw data. In the box plots, the lower and upper line of the box represents
the values at 25th and 75th percent, the middle line is the average, and the small open square is the median of the data. Error
bars represent 1.5 interquartile range from the 25th and 75th percentile. The curve stands for the normal distributions of the data.
The dotted horizontal lines are the suggested guidelines of P-MFI, C-MFI and PROTEIN to prevent severe RO membrane fouling).
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four SWRO plants with the actual RO membrane fouling
in terms of DP increase, RO feedwater quality guidelines
are suggested by P-MFI, C-MFI, PROTEIN and HUMIC as
described in the following sub-sections.

3.2.1. Particulate and colloidal matters

P-MFI and C-MFI values obtained from the MMAS
measurements of RO feedwater at the four SWRO plants are
compared in Figs. 2(A) and (B), respectively. From the actual
CIP frequency over a year, plant A and plant B are classified
as a low fouling plant, where the MFI values for plant B are
higher compared with those of plant A. So, the 75th percent
value of plant B data is considered as the RO feedwater
guidelines for P-MFI and C-MFI. Plant D, classified as mod-
erate fouling, is the only plant exceeding this guideline for
C-MFL It is noted that the guideline could be revised once
some other plants operating at low fouling but with higher
MFI values at RO feedwater are reported.

The proposed P-MFI guideline value approximately
corresponds to SDI | = 4, from around 100 RO feedwater
sample data when both P-MFI and SDI,, are measured at
the same time (data not shown). SDI; = 4 is the widely
accepted value for RO plant operation to maintain the RO
membrane condition at low fouling [25]. Though there
has been no guideline proposed yet for C-MFI, as per the
authors’ knowledge, the correlation between C-MFI val-
ues and DP increase in RO was investigated also in the
precedent study by analyzing full-scale RO plant data [5].
Therefore, maintaining the C-MFI value of RO feedwater
below a certain guideline is recommended to minimize RO
membrane fouling potential.
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3.2.2. Organic matters

Protein and humic concentrations obtained from the
fluorescent measurements of RO feedwater at the four SWRO
plants are compared in Figs. 2(C) and (D), respectively.
PROTEIN values at plant C could be considered as an unac-
ceptable level, because the other concentrations of P-MFI,
C-MFI and HUMIC at plant C (heavy fouling) are lower than
or similar to those of plant A and B (low fouling). Therefore,
the PROTEIN value at 25th percent of the plant C data, which
is similar to the 75% percent value of plant D, is proposed as
a RO feedwater guideline. From HUMIC values, it is found to
be difficult to evaluate the potential of membrane fouling in
this study, because plant B (low fouling) and plant C (heavy
fouling) show a similar HUMIC value distribution.

In order to investigate the effects of PROTEIN and
HUMIC values on membrane fouling, the correlation between
the PROTEIN and HUMIC values and the DP increase at
RO is analyzed using plant C data (Fig. 3). The multiple
regressions of PROTEIN and HUMIC values as independent
variables against the DP increase are plotted in Fig. 3(A).
The correlation is statistically linear (R? = 0.480, p < 0.0008),
which indicate that these parameters are related to the
membrane fouling in plant C. The values of other parame-
ters, SDI ,, P-MFI and C-MFI, are found to be similar to those
values in plant A and plant B (low fouling). In addition, the
accumulation of PROTEIN and HUMIC on RO membrane
is evaluated by calculating the balance of PROTEIN and
HUMIC in RO membrane (Fig. 3(B)). The results show
that the relative accumulation of PROTEIN is about twice
of that of HUMIC, which suggested that PROTEIN could
more significantly affect the membrane fouling at plant C
compared with HUMIC. The results are well correlated with
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Fig. 3. Linear regression of RO membrane fouling represented by the daily increment of differential pressures in RO trains and
the linear functions of PROTEIN and HUMIC (A) and the relative accumulation (%) of PROTEIN and HUMIC on RO membrane
at plant C (B) (The linear functions of PROTEIN and HUMIC are obtained from the multiple regressions between the daily DP
increment and PROTEIN and HUMIC. The values from the linear functions of PROTEIN and HUMIC are normalized and expressed
in percent values. The relative accumulation (%) is calculated from the difference of the mass flow rates of PROTEIN and HUMIC at
RO feedwater and those of concentrate and permeate. The mass flow rates are obtained by multiplying the measured concentrations
of PROTEIN and HUMIC and the flow rates of feedwater, concentrate and permeate, respectively. Gray shading in (A) stands for 99%

confidence band of ADP).
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the theoretical and experimental evaluations for membrane
fouling by organic matters [19].

3.3. Control of colloidal and organic matters

In order to employ the four suggested parameters in RO
plant operation, the values of those parameters are examined
from raw seawater to RO feedwater, according to the plant
operating conditions. The reduction of particulate matters
by pretreatment is already well established [25]. Here, of
interest are (1) how the amount of colloidal and organic mat-
ters represented by C-MFI, PROTEIN and HUMIC might be
changed according to the pretreatment and related operating
conditions and (2) how the amount of colloidal and organic
matters could be controlled below the suggested guidelines.

3.3.1. Colloidal control in seawater

Colloidal matters could be removed via coagulation
and flocculation in water treatment processes. The colloi-
dal removal efficiency in RO plant is currently evaluated
by turbidity or SDI ; measured at the outlet of dissolved air
flotation (DAF) and/or the subsequent filtration unit (DMF
or UF). These conventional parameters, however, are not
specialized to measure the amount of only colloidal matter
in seawater, thus the optimization of coagulation and floccu-
lation is difficult with the conventional parameters. In the UF
system in plant D, which is directly receiving raw seawater,
the removal of colloidal matters (reduction of C-MFI values
after the pretreatment) is monitored according to the increase
of FeCl, dosage rate for a month (Fig. 4). Reduction of C-MFI
has been gradually improved with the increased FeCl, dos-
age and then the reduction rate is almost saturated when the
FeCl, dosage rate reaches to about 1.2 ppm as Fe (Fig. 4(B)).
During the experiment, SDI ; showed almost similar values
regardless of FeCl, dosage rate (Fig. 4(A)). The results indicate
that the colloidal removal could be monitored and the appro-
priate FeCl, dosage could be evaluated by C-MFI. Similarly,
control logics could be employed at DAF system for optimal
operation of coagulation and flocculation (data not shown).
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The results suggest that C-MFI could be used as a barometer
to colloidal matters in design and operation of RO plant.

3.3.2. Control of organic matters in seawater

PROTEIN and HUMIC values are analyzed from raw
seawater to RO feedwater in order to evaluate a pretreatment
process. Approximately 30% of HUMIC is removed after
DAF units compared with raw seawater while there has been
no notable sign of PROTEIN removal at plant B and plant C
(datanot shown). In addition, during some operation periods
without FeCl, dosage at plant A, no significant removal of
HUMIC is observed. The results suggest that HUMIC could
be reduced by proper coagulation and flocculation in DAF.
Similar observations representing 20%-30% of TOC removal
at DAF are reported in several studies [16,17,26].

The removal of PROTEIN through DMF is evaluated at
plant B and plant D. More than 80% of PROTEIN is removed
when DMF is operated with a slow filtration velocity of
about 7 m/h. DMF at plant D operates with a high filtration
velocity of more than 15 m/h, and less than 10% of PROTEIN
removal is observed. No significant PROTEIN removal is
observed through UF at plant C and plant D. The results
suggest that an appropriate operation of DMF could reduce
PROTEIN concentration in the treated seawater. There are
studies reporting that DMF could eliminate organic matters
under proper operating conditions [27,28]. The removal rate
is related to mainly both filtration velocity and microbial
acclimation at packing materials of DMF.

3.4. Applications to SWRO plant operation and design

3.4.1. SWRO plant operation with the four suggested seawa-
ter quality parameters

Several operating parameters could be determined
in RO plant operation by monitoring the P-MFI, C-MF],
HUMIC and PROTEIN values (Fig. 5). First, the dosage rate
of coagulant (such as FeCl,) could be decided based on the
C-MFI value of raw seawater. Similarly, the optimum FeCl,
dosage rate could be determined by monitoring the C-MFI
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Fig. 4. Variations of SDI, (A) and C-MFI (B) of UF-treated water according to the amounts of ferric added into UF feedwater.
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value at RO feedwater, to maintain the C-MFI value lower
than the guideline. Second, if PROTEIN value exceeds the
guideline, adjustment of DMF operating conditions could
be considered to minimize RO membrane fouling. In case of
SWRO plant employing a UF system, non-oxidative chemical
dosing could be considered to mitigate membrane fouling
[29,30]. Third, the potential of membrane fouling could be
evaluated by P, C, O values in RO feed water, which could
guide field operators to devise an appropriate pretreatment
operating conditions. Lastly, P-MFI could serve as an index
for DAF operation on and off. The role of DAF is to reduce
the particle loading because the particle loading is a burden
for all following filtration processes if it is too high. Once
the appropriate particle loading for the subsequent filtration
process is determined, DAF operation could be ceased when
P-MFI value is below the set value.

3.4.2. Pretreatment design of SWRO plant

The role of pretreatment is to remove impurities, mainly
particulate and colloidal matters, so the performance
evaluation in terms of impurity removal is a key design
factor for pretreatment processes. The impurity removal
performances of four different filtration units at plant D are
compared by P-MFI and C-MFI parameters (Fig. 6). All the
treated water qualities from the four filtration units are found
to meet the guideline of P-MFI, while the UF (type 3) and
DMF could not satisfy the guideline of C-MFI. This failure
could not be observed by P-MFI or SDI, .. The results indicate
that employing both P-MFI and C-MFI would be essential
to select a proper pretreatment process and to evaluate the
performance.

Seawater quality is a crucial factor to determine the
capacity of pretreatment. For the same type of pretreatment
process, the capacity should be increased with the increased
amount of impurities in seawater. The P-MFI and C-MFI
parameters described in this study are found to distinguish
well the regional variations of seawater quality for the four

RO plants at different locations (Figs. 7(A) and (B)). Turbidity
and TSS values obtained from each plant are plotted in
Figs. 7(C) and (D). Variations of turbidity among plants B-E
are similar to those of P-MFI and C-MFI, but the regional
variations by turbidity is quite a bit obscure. Plant A shows
relatively high values of turbidity even though those of
P-MFI and C-MFI are very low, which might be due to dif-
ferent characteristics of particles in seawater, such as size
and composition that can affect turbidity [14]. TSS values of
plant B and plant D are significantly high compared with the
other plants but the reason is not clarified in this study. One
of possible reasons is that particle content in the raw seawa-
ter samples from five plants is below the reliable quantifi-
cation ranges of TSS, which might cause the errors for TSS
measurement [11,12]. The results suggest that the evaluation
of regional variations of seawater quality in terms of MFI val-
ues could provide better comparison of the particulate and
colloidal impurities at different plants, which could mitigate
the risk of failures in design of the pretreatment configuration
due to misunderstanding of the seawater quality variations.

4. Conclusions

Four new seawater quality parameters, P-MFI, C-MF],
PROTEIN and HUMIC, could improve the characterization
of seawater quality in relation to RO membrane fouling
potential by several key types of impurities, which are
particles, colloids and organic matters. Employing the four
parameters could provide several advantages over the con-
ventional water quality parameters:

e P-MFIshows a wide range of quantification of particulate
matters in seawater compared with SDI ,, turbidity and
TSS, which enables to trace the changes of impurities
concentrations from raw seawater to RO feedwater
according to different pretreatment systems and
operating condition. The property of P-MFI is beneficial
to estimate the performance of pretreatment processes.
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C-MFI is specialized to measure the amount of only
colloidal matter in seawater, which allow for both the
optimization of coagulation and flocculation and the
comparison of pretreatment performances in terms of
colloidal removal, which are not determined by P-MFI
or SDI ..

PROTEIN and HUMIC can quantify amounts of organic
matters from two different origins (microbially- or

terrestrially-derived, respectively). This classification is
beneficial to evaluate the fate of organic matters during
pretreatment processes as well as the membrane fouling
because the two different origins are closely related to
their chemical properties of molecular weight, polarity
and charge density that are important factors in several
physicochemical processes in SWRO plants including
membrane fouling.
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In addition, appropriate guidelines of the four parame-
ters are suggested to prevent severe membrane fouling by
comparing RO feedwater quality at four SWRO plants which
show different extent of membrane fouling. The parameters
also successfully described the regional variation of seawater
quality as well as the changes of impurities concentrations
from raw seawater to RO feedwater according to different
pretreatment systems and operating conditions. Therefore,
the new suggested parameters could be used as barometers
for a reliable RO plant design and operation with minimized
RO membrane potential.
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