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ABSTRACT

In this work, two hydrophilic nanofiltration (NF) membranes and a tight ultrafiltration (UF)
membrane were studied for drinking water production from groundwater resources. Com-
mercial membranes denoted as TS40, TFC-SR3, and GHSP were selected to investigate their
performances. It was found that both NF membranes were hydrophilic with contact angle
at 28˚and 46˚, respectively. The tight UF membrane was hydrophobic at contact angle of
68˚. In the permeation test, both NF membranes exhibited higher permeability in pure water
(4.68 and 3.99 Lm−2 h−1 bar−1) than UF membrane (3.15 Lm−2 h−1 bar–1). The order of single
salt rejection by NF membranes were identified as R (Na2SO4) > R (MgCl2) > R (NaCl),
whereas for UF membrane was R (Na2SO4) > R (NaCl) > R (MgCl2). A primary assessment
of groundwater treatment for potable water showed that the highlighted components were
characterized mainly by color, turbidity, and total dissolved solid (TDS) at 49 PtCo, 14
NTU, and 25 mg/L, respectively. The NF membrane, especially the TFC-SR3, was more effi-
cient at rejecting these components, in quantities of 3 PtCo of color, 0.2 NTU of turbidity,
and 10.5 mg/L of TDS, whereas the UF membrane attained 23 PtCo of color, 1.7 NTU of
turbidity, and 17.6 mg/L of TDS. In conclusion, the findings on the quality of treated water
verified that hydrophilic NF membrane performed well as a promising new technology for
groundwater treatment in Malaysia.
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1. Introduction

In Malaysia, most of the water resources supplied
for domestic usage was treated from surface water
resources. However, recently, the increasing demand
for sustainable development of water resources has
resulted in the need for more systematic exploration
and management of groundwater resources.
Groundwater in Malaysia accounts more than 90% of
the freshwater resources and the volume of
groundwater recharge amounting to approximately
120 billion m3 [1]. Nowadays, exploitation of
groundwater in Malaysia has been increasing due to
factors such as surface water depletion during dry
seasons together with increased of water demand due
to rapid population growth, agricultural, and indus-
trial expansion. In addition, the utilization of
groundwater can help to solve the water shortage in
areas where surface water source sites are limited [2].
For these reasons, groundwater treatment for potable
water resources in this country has high potential to
be explored and commercialized for future benefits.

Potable water quality is very important for human
health and therefore, any small amounts of hazardous
contaminant are strictly forbidden [3]. All produced
potable water should be thoroughly inspected to
achieve drinking water standard that is set by the
World Health Organization (WHO). As reported by
the Department of Geoscience and Minerals Malaysia,
unsuitability of groundwater for drinking was due to
its high level of iron (Fe) and manganese (Mn) that
resulted in metallic taste for consumption and rusty
brown in color. Therefore, WHO recommends that Fe
and Mn concentration in potable water should be less
than 0.3 and 0.1 mg L−1, respectively [4].

There were many methods that have been imple-
mented for potable water production and membrane
technology was among the top to be discussed for bet-
ter improvement in the next decade [5–7]. Membrane
filtration processes involving microfiltration (MF),
ultrafiltration (UF), and nanofiltration (NF) in potable
water production have increased rapidly over the past
decade [8,9]. MF and UF are employed to remove
microparticles and macromolecules, which generally
include inorganic particles, organic colloids such as
microorganisms, and dissolves organic matter [10]. NF
membranes have the potential to remove turbidity,
microorganisms and hardness, as well as a fraction of
the dissolved salts. NF can either be used to treat all
kinds of water including ground, surface, and
wastewater or also used as a pretreatment for
desalination [11].

In water treatment process, higher flux and lower
operating pressure of nanofiltration makes the

membrane feasible to be applied [12]. Therefore,
hydrophilic membranes with high water permeation
flux will normally be selected to maximize the produc-
tion and minimizing its operation and maintenance
costs. However, membranes with good selectivity and
high removal of contaminants or pollutants should
also be considered for water treatment purposes.
Thus, tight UF membrane was also characterized and
tested in this work to measure its ability for potable
water production using groundwater resources.

The major objective of this work was to character-
ize and evaluate commercially available hydrophilic
NF and tight UF membranes for groundwater treat-
ment. Further investigations were conducted based on
their removal performances and potential for potable
water production. Therefore, membranes denoted as
TFC-SR3, TS40, and GHSP were selected and tested to
explore their characteristics and suitability for
achieving the aims of this work.

2. Materials and methods

2.1. Feedwater and sampling point

Natural groundwater was used throughout the fil-
tration experiments. Groundwater samples were col-
lected from a deep tube well which is located at
Natural Hydraulic Research Institute of Malaysia in
Serdang, Selangor. The total depth of well is 100 m
with 150 mm diameter of the tube. This sampling loca-
tion was selected because of the water quality is
almost similar to groundwater in North Kelantan as
presented in Table 1. A volume of 20 L groundwater
sample was collected for experimental use and was
abstracted using a stand in hydrocontrol pump con-
nected to the well. The groundwater samples were
kept in a cold room right after sampling. The charac-
teristics of groundwater samples were analyzed by
ALS Technichem Laboratory, Malaysia.

2.2. Membrane characterization

Three commercially available flat sheet NF and UF
membranes were employed in this study. All NF
(TFC-SR3 and TS40) and UF (GHSP) membranes were
supplied by Sterlitech Corp., USA. The membranes’
characteristics are summarized in Table 2. The
hydrophobicity of membrane surface was analyzed by
contact angle measurements using a static sessile drop
method by Goniometer contact angle (Ramé-Hart,
Model 290, Netcong, USA) with three series of mea-
surement at three different spots. Images of the top
surface and cross-sectional morphologies of mem-
branes were provided by Zeiss SUPRA 55VP FESEM
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(Oberkochen, Germany). The instrument was
equipped with an energy dispersive X-ray analysis
system to identify components that were filtered by
the membranes. Attenuated total reflection Fourier
transform infrared spectroscopy (ATR-FTIR) was used
to characterize the functional group of the clean NF
and UF membranes. The clean membrane coupon was
wetted for few hours and dried in a desiccator to

avoid interferences of preservatives effects before use
for analysis by ATR technique with a Nicolet 6700
FTIR spectrometer (Thermo Scientific, USA). The
membrane pure water permeability, Lp was deter-
mined by measuring at operating pressure range of
1–5 bar using ultra-pure water at room temperature.
Membranes were immersed in ultra-pure water and
kept overnight before compacted at 5 bar for
30–45 min prior to use.

2.3. Membrane permeation test

Permeation experiments were performed to investi-
gate the ability of NF and UF membranes based on
permeability, flux, and rejection using ultra pure water
and samples of groundwater. Ultra pure water with
conductivity less than 1 μS/cm were used for deter-
mination of pure water permeability. Natural
groundwater was used to measure removal efficiency
of organic and inorganic constituents in the aim to
reach drinking water standard. Salts solution were

Table 1
Physical and chemical characteristics of groundwater samples and treated water

Sample KB 12a KB 31b KB 36c NAHRIMd Benchmarke

pH 7.2 4.2 6.9 5.5 6.5–9.0
Conductivity (μS/cm) 1,166 575 145 65 250
Color (PtCo) 5 5 5 NR 15
Turbidity (NTU) 13 12 44 14 5
TDS (mg L−1) 480 784 68 25 1,000
Cation (mg L−1)
Ca 12 35 2.9 3.21 500
Mg 14 35 2.0 1.18 150
Na 94 100 2.9 7.02 200
K 11 34 5.8 1.26 NR
Fe 10 90 8.1 7.01 0.3
Mn 0.2 0.8 0.3 0.83 0.1
Zn <0.1 <0.1 <0.1 0.1 3.0
Pb <0.01 <0.01 <0.01 <0.01 0.01
Cu <0.1 <0.1 <0.1 <0.1 1.0
As <0.01 <0.01 <0.01 <0.01 0.01
Al <0.1 <0.1 <0.1 0.15 0.2
Anion (mg L−1)
F <0.5 <0.5 <0.5 <0.1 0.4–0.6
Cl 235 436 3.0 6.6 250
SO4 <5 <5 <5 3.5 250
HCO3 114 <1 27 13 NR
CO3 <1 <1 <1 <0.5 NR
NO3 2.5 <0.5 3.9 0.1 10

Note: NR—Not reported.
a,b,cMinerals and Geoscience Department of Kelantan, Malaysia.
dHydrogeology Research Centre, National Hydraulic Research Institute of Malaysia.
eDrinking Water Quality Standard, Ministry of Health Malaysia.

Table 2
Specification of NF and UF membranes

Parameter TFC-SR3 TS40 GHSP

Manufacturera Koch TriSep GE Osmonics
Pore sizea (MWCO) 200 200 1,000
pH range at 25˚Ca 4–10 2–11 2–11
Standard pressurea (bar) NR 2–14 NR
Contact angleb (˚) 46 28 68

Note: NR—Not reported.
aInformation obtained from manufacturer.
bValue obtained from experimental measurement.
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prepared using NaCl, Na2SO4, and MgCl2 which were
obtained from Merck with purity for all of them above
99%.

The performance of membranes was conducted
using a bench-scale stirred cell separation unit. The
setup comprises a nitrogen gas tank, 2000 mL reser-
voir tank, 300 mL stainless steel stirred cell, and a
precision balance (Sartorious AG, Germany, Model
AX6202) connected to a data acquisition personal com-
puter. The stirred cell (Sterlitech Corporation, WA,
Model HP4750) that houses a 49 mm diameter flat
membrane sheet with an effective area of 14.6 cm2. All
membranes were soaked in ultra-pure water overnight
before used in order to remove preservatives, and the
soaking step was considered as a wetting process for
the membrane. The wetted flat sheet membrane was
placed at the bottom of a dead-end stirred cell which
was supported by a stainless steel porous plate. Then,
compaction of membrane was conducted for
30–45 min by pressurizing the stirred cell with nitro-
gen gas at 5 bar without stirring. After compaction,
the pure water permeability test was conducted and
the flux was measured based on Eq. (1). The pure
water permeability was determined by measuring the
slope of a linear plot of pure water flux against
applied pressures. A sample of feed solution was then
placed into the stirred cell to further determine either
flux or rejection according to Eqs. (2) and (3). Filtra-
tion test were conducted for 2–3 h or by collection of
minimum permeate volume at least 50 mL. For this
test, 200 mL of feed solution was placed into the stir-
red cell and applied pressure were supplied in the
range from 1 to 5 bar with fixed stirring rate at
500 rpm for all experiments.

The salts rejection performances of all membranes
were checked using 1,000 ppm salt solution at various
applied pressures (1–5 bar). Whereas for natural
groundwater, the feed solution was used after it has
reached room temperature and no changes have been
made on its characteristics. A minimum volume of
50 mL of permeate was collected for further analysis
on flux, rejection, and concentration. The speed of
magnetic stirring bar was kept constant at 500 rpm
throughout all experiment. The applied pressure dur-
ing permeation tests ranged from 1 to 5 bar. The
removal efficiency of all membranes at one level of
applied pressure was set at 2 bar by analyzing the fol-
lowing physico-chemical parameters: turbidity, con-
ductivity, pH, total dissolved solids (TDS), color, and
inorganic constituents (Fe and Mn concentration in
permeate).

Pure water flux was calculated by the following
Eq. (1):

Jw ¼ Q

ADt
(1)

where Jw is pure water flux (L h−1 m−2), Q is amount
of water collected (L) for Δt (h) which is time duration
using a membrane coupon with area A (m2):

The flux of sample of feed solution was measured
by the following Eq. (2):

Jw ¼ LpðDP� DpÞ (2)

where J is the sample flux (L h−1 m−2), as a function
of permeability, Lp (L h−1 m−2 bar−1) and applied
transmembrane pressure, ΔP (bar) taking the osmotic
pressure difference between feed and permeate, Δπ
(bar) into account.

The rejection of sample of feed solution and the
removal efficiency of NF and UF membranes during
the filtration was measured by Eq. (3):

Ro ¼ 1� Cp

Cw

� �
� 100% (3)

where Ro is the observed rejection and Cp and Cw are
the concentration of permeate and feed, respectively.

2.4. Sample analyses

The collected permeate after separation process
was checked for water quality analysis in identifying
the best operating variables to meet the drinking
water standards. Physico-chemical parameters were
measured to investigate efficiency of membranes. Con-
ductivity, pH, and TDS were measured using Hanna
Instrument HI2550, whereas turbidity was analyzed
by using Turbidimeter (HA 2100AN). Color, Fe, and
Mn in permeate were detected by using Spectropho-
tometer (HACH, Model DR3900). All parameters were
analyzed according to the APHA standard methods.

3. Results and discussion

3.1. Membrane hydrophobicity

The properties of NF and UF membranes with
respect to the surface hydrophobicity of each selected
membrane was determined based on the contact angle
between pure water drop and the surface of clean
membrane using the sessile drop method. Hydropho-
bicity of a membrane is usually expressed in terms of
a contact angle (θ) which is a measurement of
wettability of the membrane. Contact angle of each
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membrane used for this study are as shown in Fig. 1
Among these membranes, TS-40 was found to be the
most hydrophilic and expected to provide highest
water flux among the studied membranes. The contact
angle of GHSP membrane was more than 60˚ and
therefore, it was characterized as hydrophobic.

Hydrophilic membranes are preferable in indus-
trial application such as water treatment process [12].
This is due to the ability to achieve higher production
rate and low fouling propensity while improving the
quality of water that is treated by the membrane sep-
aration processes. Higher flux and low operating pres-
sure of NF make the membrane more feasible and
widely used in drinking water industry. The findings
of contact angle of the selected membranes in this
study revealed that both NF membranes (TS40 and
TFC-SR3) are suitable for further application in treat-
ing groundwater. However, the potential of both
membranes in rejecting contaminants and meeting the
drinking water standard should be the main priority.
Results of contact angle measurement for TFC-SR3
was detected consistent with the reported data by De
Munari et al. [13]. The reported contact angle in their
study was determined to be 44˚ that was measured
using the sessile drop method.

3.2. Membrane structure morphologies

The membrane structure morphologies for clean
NF and UF membranes were investigated by images
obtained using the field emission scanning electron
microscopy (FESEM) as described in earlier section.
Visualization of surface morphological membrane
characteristic and cross-sectional images are as pre-
sented in Figs. 2 and 3, respectively. The surface
images show that all membranes are having uniform
distribution and smooth surface morphologies.
Observation on the cross-sectional images illustrated
that such morphologies are typically from one of two
types, a thin-film layer or selective layer and
supporter layer. These results are consistent with
Alzahrani et al. [14] membrane morphology study
using NF1 membrane. All membranes in this work
were characterized as thin film composite (TFC)
membrane. For commercial TFC membranes, Idil
Mouhoumed et al. [15] reported that they were con-
structed by active layer in polyamide on polysulfone
intermediate layer and a polyester support layer. The
active layers of TFC-SR3 membranes are made of
semi-aromatic polyamide obtained by interfacial poly-
merization between trimesoyl chloride and piperazine.

NF: TFC-SR3 46° ± 2.5 NF: TS40 28° ± 2.5 UF:GHSP 68° ±  2.5 

Fig. 1. Water drop contact angle θ˚ as a function of membrane surface hydrophilicity.

TFC-SR3 TS40 GHSP

Fig. 2. FESEM images of the membrane surfaces of clean NF and UF membranes.
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3.3. Functional group analysis

The ATR-FTIR spectra of clean TFC-SR3, TS40, and
GHSP membranes are presented in Fig. 4 for wave
numbers ranging from 400 to 4,000 cm−1. The three
spectra are almost similar for wave numbers between
400 and ~1,600 cm−1. Due to relatively deep penetra-
tion depth of the signal, the active layer skin were
probed for further determination of functional group
for all membranes. The spectra of all clean membranes
showed the standard polyamide ATR-FTIR spectra.
The peak around 1,600 cm−1 shows the Amide I
group, Amide III (γ) has a peak at 1,249 cm−1, and
Amide VI (α) shows a peak at 560 cm−1. These results
confirmed that active layer for all tested membranes
in this study were made of polyamide and congruent
with the reported studies by Idil Mouhoumed et al.
[15]. While, peaks between 1,100 and 1,600 cm−1 attrib-
uted to the polysulfone intermediate layers [16].

As mentioned earlier, the spectra are identical for
wave numbers lower than 1,600 cm−1 which confirms
that the same chemical functions were present in the
three membranes. However, slight differences among

these membranes appeared for wave numbers higher
than 2,300 cm−1. Hydrogen bonded N–H shows a
stretching vibration and broad peak around
3,319 cm−1. For TFC-SR3 membrane, the overlap of the
N–H stretching band of amide groups and that of the
O–H stretching band of carboxylic acid functions
resulting from the incomplete crosslinking of the poly-
amide skin layer leads to an additional shoulder peak
at 3,500 cm−1. The peak around 1,400, 700, and
2,944 cm−1 shows CH2 groups of the polyamide. The
similar spectra of the three membranes were congru-
ent with their similar polyamide construction.

3.4. Pure water permeability

Pure water permeability is another important
characteristic of a membrane in order to identify its
capability for water uptake. The pure water perme-
ability of the NF and UF membranes was obtained
from the slope of a plot of flux against pressure. It
was found that the pure water flux for all membranes
were increased linearly with the applied pressure as

TFC-SR3 GHSPTS40

Fig. 3. FESEM images of the cross-sectional morphologies of clean NF and UF membranes.
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shown in Fig. 5. Pure water flux using each
membranes was calculated by using Eq. (1) as men-
tioned in the earlier section. A line correlation was
obtained with high coefficients (R2) for each types of
membranes which is more than 0.99. Results showed
that both NF membranes (TS40 and TFC-SR3) exhib-
ited higher permeability (4.68 and 3.99 Lm−2 h−1 bar−1)
than UF membrane (3.15 Lm−2 h−1 bar−1). Therefore,
NF membranes were expected to have higher flux
than the UF membrane and these findings were con-
current with their contact angles. Results of pure
water permeability for NF membranes in this study
(TFC-SR3 and TS40) are consistent with Artug and
Hapke [17] using NF2 and NF270. Both membranes
have similarities with TFC-SR3 and TS40 based on the
membrane materials. They were made of polypiper-
azine amide (PPA) and polyamide (PA), respectively.
Higher contact angle was reported for NF2 in compar-
ison to NF270 which explains that PPA membrane
contributed lower permeability than PA membrane.

3.5. Rejection of single salts

In this study, the selected membranes were tested
to identify their characteristics in terms of rejection in
the presence of single salt. Three different types of salts
were used to investigate the ability of membranes in
rejecting NaCl, Na2SO4, and MgCl2. These salts were
synthesized in order to measure and reveal their rejec-
tion mechanism using the commercial polymeric NF
and UF membranes. Rejection measurements of mem-
branes with charged solutions provide information
about selective character of the membrane, and the
charge of membrane will be a function of the measured
rejection. Results from the rejection measurements of
charged solutes can be considered as performance
parameters since they give direct information on the
performance of membranes in a natural environment.

In this performance test, results were interpreted
in terms of observed rejection as measured
using Eq. (3). Salt rejection measurements with NaCl,
Na2SO4, and MgCl2 were maintained at approximately
1,000 ppm at a pressure applied of 5 bar. In the case
of NF membranes, results for salt rejection by TFC-
SR3 and TS40 membrane were depicted in Fig. 6(A)
and (B), respectively . Results indicated that both NF
membranes demonstrated the lowest rejection for
NaCl and the highest rejection for Na2SO4. Both mem-
branes showed the following salt rejection sequence: R
(Na2SO4) > R (MgCl2) > R (NaCl) as presented in
Table 3. These results indicated that they were
classified as amphoteric membrane. This type of NF
membranes, neither surface charge nor size effects
fully determined the separation mechanism [18].

Membranes with this behavior were determined by
the differences in diffusion coefficients between salts.
In this case, diffusion seems to be an important trans-
port mechanism as the order of the diffusion coeffi-
cients is inversely proportional to the salt retention
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sequence as depicted in Table 3 [19]. The salt with the
lowest diffusion coefficient shows the highest rejection
and vise versa.

Fig. 6(C) shows results for salt rejection measure-
ment using UF membrane. Results presented that
GHSP membrane demonstrated the lowest rejection
for MgCl2 and the highest rejection for Na2SO4. This
membrane showed the following salt rejection
sequence: R (Na2SO4) > R (NaCl) > R (MgCl2). It was
reported that this sequence of single salt rejection is
typical for a negatively charged membrane. These
results were in accordance with the Donnan exclusion
theory. Therefore, this finding indicated that the salts
retention were determined by charge effect for the
GHSP membrane.

3.6. Removal efficiency of organic and inorganic
constituents in groundwater

In order to investigate the potential of NF and UF
membranes as a medium for treating groundwater, a
minimum volume at 50 mL of permeate should be col-
lected for each filtration experiment. Permeate was
tested by conducting a primary assessment of their
removal efficiency for conductivity, color, turbidity,
and metal content at low applied pressure of 2 bar.
These parameters were chosen to represent organic
and inorganic constituent of such water because the
current available guidelines for treating natural water

resources as potable water suggest to meeting the fol-
lowing requirement [4]: to satisfy drinking water stan-
dards, pH value must be in the range of 6.5–9.0,
turbidity should not exceed than 5 NTU, color residue
has to be less than 15 PtCo, TDS should not exceed
1,000 mg L−1, and metal content of Fe and Mn must be
below than 0.3 and 0.1 mg L−1, respectively. Therefore,
a primary assessment of the NF and UF membranes’
potential for removal efficiency on the parameters
listed as in Table 4 were conducted to test their
feasibility in treating groundwater for potable water
production.

The set of data in this table were compared with
the international drinking water standard [4]. This
table provided data on the water quality assessment
for pre and post-filtration using the hydrophilic NF
and tight UF membranes. Results show that water
quality produced by NF membranes especially by
using TFC-SR3 was much better than UF membrane.
Results also given in terms of rejection for organic and
inorganic as presented in Fig. 7. For conductivity, that
represents the level of dissolved salts in water sample,
filtration with NF and UF membranes yielded final
conductivity values of 21.8, 24.3, and 29.3 μS/cm,
respectively. These values were below the original
conductivity in feed water at 50.5 μS/cm. Rejection of
conductivity were in the range of 42–57% for all mem-
branes as depicted in Fig. 7(A). Filtration using NF
membranes reduced color from 53 to 2 and 3 PtCo

Table 3
Diffusion coefficient of salts and the order of single salt rejection by NF and UF membranes

Membrane Order of single salt rejection Salt Di (10
−9 m2/s)

TFC-SR3 Na2SO4 >MgCl2 >NaCl NaCl 1.61
TS40 Na2SO4 >MgCl2 >NaCl MgCl2 1.25
GHSP Na2SO4 >NaCl >MgCl2 Na2SO4 1.23

Note: Di, Diffusion coefficient of salts at 25˚C [19].

Table 4
Primary assessment of groundwater quality

Test parameter Units Before filtration

After filtration

TFC-SR3 TS40 GHSP

pH – 5.5 7.3 6.5 6.2
Conductivity μS/cm 50.5 21.8 24.3 29.3
Color PtCo 53.0 2.0 3.0 12.0
Turbidity NTU 14.0 0.16 0.25 0.35
TDS mg L−1 25.0 10.6 12.8 14.7
Fe mg L−1 7.2 0.18 0.61 0.46
Mn mg L−1 0.8 0.10 0.29 0.78

Note: Operating condition: p = 2.0 bar, T = 25˚C.
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while using UF membrane reduced to 12 PtCo.
Therefore, rejection for color using NF membranes
had achieved more than 90% whereas by using UF
membrane was 77% as depicted in Fig. 7(B).

Fig. 7(C) and (D) presented results for turbidity
and TDS rejection using NF and UF membranes. The
NF membranes achieved turbidity removal at 98.9%
and 98.2% whereas for UF membrane at 97.5% from
feedwater with 14 NTU. Initial TDS of groundwater
sample at 25 mgL−1 was removed by 57.6 and 48.8%
using NF membranes while exactly 41.2% rejection via
UF membrane. As for inorganic constituents, only
TFC-SR3 managed to reduce Fe level of 7.2 mg L−1 in
the raw water to 0.18 mg L−1 that is far below the
drinking water standard. The same type of membrane
also had succesfully reduced Mn to 0.10 mg L−1 from
0.80 mg L−1 in the pre-filtration sample. However,
TS40 and GHSP membrane were unable to remove Fe
and Mn in order to achieve the WHO drinking water
standard. All results of pre and post-filtration are
presented in Table 4. Based on rejection results pre-
sented in Fig. 7(E) and (F), removal of Fe was more

competent than Mn for all membranes used.
Therefore, it could be concluded that TFC-SR3 mem-
brane was the most efficient to produce potable water
from groundwater resources.

4. Conclusion

Three commercially available NF and UF mem-
branes were characterized and tested to investigate
their ability in treating groundwater for potable water
resources. Results of characterization showed that both
NF membranes were hydrophilic and UF was
hydrophobic. Morphological characterization found
that all membranes consisted of thin film composite
structure with two layers. The functional group analy-
sis proved that all of them were polyamide-based
membranes. From the quality and availability observa-
tions, natural groundwater in Malaysia has the poten-
tial to be treated for drinking water resources by
using both hydrophilic NF membranes. The tight UF
membrane was unable to eliminate both dissolved
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inorganics constituents (Fe and Mn); however, it has
the potential to be used as pre-treatment process in
treating groundwater. TFC-SR3 membrane is the most
preferable, as it has achieved drinking water stan-
dards with high rejection of Fe and Mn at low applied
pressure. The effectiveness of TS-40 membrane was
essentially limited by the low applied pressure and
required further studies to improve the rejection per-
formance. The findings on NF-treated water quality
substantiated the possibility of utilizing groundwater
as potable water resources in future.
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