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ABSTRACT

In this study, iron oxides were impregnated on the surface of fiberglass (Fe-fiberglass) to
remove bacteriophage MS2 from water. The Fe-fiberglass was characterized using field
emission scanning electron microscopy (FESEM), energy dispersive X-ray spectrometer
(EDS), and X-ray diffractometry (XRD) analysis. The FESEM image showed that iron oxides
covered the majority of the Fe-fiberglass surface as a heterogeneous layer. The EDS analysis
indicated that the major elements of the Fe-fiberglass were oxygen (30.85 wt.%), carbon
(28.61 wt.%), and iron (12.58 wt.%). The XRD pattern demonstrated that the iron oxides
impregnated on the Fe-fiberglass were maghemite (γ-Fe2O3) and goethite (α-FeO(OH)).
Flow-through column experiments were performed for chloride (Cl), a conservative tracer,
and bacteriophage MS2 to quantify the bacteriophage removal by the Fe-fiberglass. The
mass recoveries of Cl and MS2 in the raw fiberglass were 96.7 and 93.4%, respectively, indi-
cating that the bacteriophage removal by the raw fiberglass was almost negligible. The mass
recoveries of MS2 were 41.6–47.4% in the Fe-fiberglass, showing that the Fe-fiberglass was
efficient in the removal of bacteriophage. In the presence of (bi)carbonate ions, the mass
recovery of MS2 in the Fe-fiberglass was 63.1%, indicating that the bacteriophage removal
could be reduced due to the competition for sorption sites between (bi)carbonate and bacte-
riophage. This study demonstrated that bacteriophage removal by fiberglass could be
improved via the impregnation of iron oxides.

Keywords: Bacteriophage MS2; Fiberglass; Flow-through experiment; Iron oxide impregna-
tion; Virus removal

1. Introduction

Viral contamination of surface water and ground-
water is an environmental problem around the world
that poses a great threat to human health. Inadequate

sanitation causes waterborne diseases, leading to a
great number of deaths, especially in developing
countries [1,2]. Point-of-use (POU) water treatment
alternatives are of considerable interest as they pro-
vide safe drinking water and subsequently prevent
water-related diseases. POU treatment is directly
applied to treat the water used at a single tap within a
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home [3–5]. Researchers have coated filters, granular
media, and membranes with iron (hydr)oxides to
enhance the removal of viruses from water [6,7]. Rac-
iny et al. [8] used polysulfone membranes coated with
magnetite to remove bacteriophage MS2. Brown and
Sobsey [9] removed the bacteriophages MS2 and
PhiX174 from drinking water using ceramic filter
materials amended with iron oxides.

Fiberglass is a fibrous material made of a plastic
matrix reinforced by fine fibers of glass. It is widely
used as fiber-reinforced polymer composites in indus-
try because of its low cost, excellent insulating char-
acteristics, good thermal properties, and high tensile
strength [10,11]. Recently, fiberglass has been used as
a matrix for the immobilization of iron oxides
because it has a higher specific surface area than
typical granular media (e.g. sand) [12]. The surface
modification of fiberglass by functional materials for
the removal of contaminants such as nitrate, atrazine,
and arsenic has been reported by several researchers
[13–15]. Nangmenyi and his colleagues [16,17] synthe-
sized silver nanoparticle-impregnated fiberglass for
the disinfection of water. They also coated silver-
modified iron oxide nanoparticles on fiberglass to dis-
infect bacteria and viruses in water [18]. Gutierrez
et al. [19] investigated the adsorption of bacterio-
phage MS2 and rotavirus to hematite (α-Fe2O3) coated
onto fiberglass. More research is still necessary on the
impregnation of fiberglass with iron oxides and the
application of the modified fiberglass for virus
removal from water.

In this study, iron oxide-impregnated fiberglass
was prepared and characterized using field emission
scanning electron microscopy (FESEM), energy disper-
sive X-ray spectrometer (EDS), and X-ray diffractome-
try (XRD) analysis. Flow-through column experiments
were performed for chloride, a conservative tracer,
and bacteriophage MS2. The breakthrough curves
(BTCs) were obtained by monitoring effluent, and
then, mass recoveries were quantified from these
curves to determine the removal of bacteriophage
from water. In addition, the modified dose–response
kinetic model and one-dimensional transport model
were used to analyze the BTCs obtained from the
experiments and quantify the related model parame-
ters.

2. Materials and methods

2.1. Preparation and characterization of iron oxide-
impregnated fiberglass

Fiberglass obtained from Hyundai fiber, Korea,
was used in the experiments. Before immobilization of

the iron oxides, the fiberglass was thermally treated in
an electric furnace (C-FMA; Vision Lab, Seoul, Korea)
at 200˚C for 4 h to decompose a polyvinyl alcohol bin-
der on the surface of the fiberglass [16]. An iron oxide
suspension was prepared by the co-precipitation
method. An alkali solution of sodium hydroxide
(NaOH, 6M) was added drop-wise into a 500-mL
solution of FeSO4·7H2O (0.25M) and FeCl3·6H2O
(0.5M) until it reached pH 7.6 with intensive stirring
at room temperature. The suspension was sprayed
onto the fiberglass to immobilize the iron oxides on its
surface, and the impregnated fiberglass (Fe-fiberglass)
was aged at 65˚C for 18 h. The resulting Fe-fiberglass
was rolled around a glass rod (length = 10 cm; diame-
ter = 0.75 cm), thermally treated again in the electric
furnace at 150˚C for 6 h, washed with deionized water,
and then dried at 65˚C for 16 h to obtain the final car-
tridge filters.

The Fe-fiberglass was characterized using FESEM,
EDS, and XRD analysis. The FESEM and EDS (Supra
55VP, Carl Zeiss, Germany) analyses were used to
visualize the Fe-fiberglass and quantify the elements
of the Fe-fiberglass. The mineralogical and crystalline
structural properties of the iron oxides and the Fe-
fiberglass were examined using the XRD analysis (D8
Discover, Bruker, Germany) with a CuKα radiation of
1.5406 Å

´
at a scanning speed of 0.6˚/sec.

2.2. Virus and plaque assays

The bacteriophage MS2 (ATCC 15597-B1) obtained
from the American Type Culture Collection was
grown on Escherichia coli (ATCC 15597) by the double-
agar overlay method [20]. MS2 is a male-specific,
undeveloped, icosahedral single-stranded RNA phage
with a diameter of 24–26 nm and an isoelectric point
of 3.9 [21]. Bacteriophages were enumerated by the
plaque assay method using the E. coli host. Host cul-
ture (0.2 mL) and 0.1mL of the diluted virus sample
with 5mL of soft agar were added to tubes, and the
mixture was poured onto trypticase soy agar (TSA)
plates to solidify. After solidifying, plates were incu-
bated at 37˚C for 18 h.

2.3. Bacteriophage removal experiments

Preliminary experiments were conducted under
batch conditions to examine the removal of bacterio-
phage MS2 by iron oxide nanoparticles (Fig. 1). MS2
stock solutions were diluted from a concentrated titer
with artificial groundwater (AG; 0.075mM CaCl2,
0.082mM MgCl2, 0.051mM KCl, 1.5 mM NaHCO3,
pH 7.6) to the desired concentration. The batch
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experiments were performed with various doses of
iron oxides (0.5, 1.0, 2.0, 3.0 g/L) with a reaction time
of 4 h. The method consisted of adding virus
stock solution (initial MS2 concentration = 6.01 ×
105 pfu/mL) to centrifuge tubes containing iron oxi-
des. After all of the tubes were properly prepared and
sealed, they were shaken at 200 rpm for 4 h at 4˚C
(IS-971R; Lab Company, Daejeon, Korea) to avoid ther-
mal inactivation of the bacteriophage. The suspensions
were then centrifuged at 9,000 × g and 4˚C for 15min.
(Combi-514R; Hanil Science Industrial, Incheon,
Korea). The viable virus concentration was determined
by the plaque assay method. Control tubes were filled
with only virus solution and treated in the same
manner as the experiment tubes. Virus removal was
calculated with the following formula:

S ¼ Ci � C

M

� �
(1)

where S is the amount of virus removed per one gram
of iron oxides (pfu/g), Ci and C are the initial and
final virus concentrations, respectively, in the liquid
phase (pfu/mL), and M is the total mass of iron oxi-
des used in the experiment (g/mL).

Flow-through experiments were performed in a
Plexiglas column (length = 10 cm; inner diameter = 2.5
cm) equipped with raw fiberglass and Fe-fiberglass

cartridge filters (Fig. 2). The experimental conditions
are summarized in Table 1. Prior to each experiment,
the column was washed in 30% alcohol and thor-
oughly rinsed with deionized water. Then, the
equipped column was flushed upward using an HPLC
pump (Series II pump, Scientific Systems Inc., PA,
USA) operating at a rate of 0.5 mL/min using 20 bed
volumes of deionized water until steady-state flow
conditions were established. Then, a solution of potas-
sium chloride (KCl, 2 g/L) was continuously intro-
duced downward into the column at the same flow
rate. Portions of the effluent were collected using an
auto collector (Retriever 500, Teledyne, City of Indus-
try, CA, USA) at regular intervals. The effluent sam-
ples were analyzed for chloride concentration using a
chloride probe (Orion 9617BNWP, Thermo Scientific
Orion, NY, USA). Afterward, the column was flushed
again with deionized water until no chloride was
detected. Then, the bacteriophage MS2 (~105 pfu/mL)
suspended in the artificial groundwater was continu-
ously introduced into the column, and the effluent
was collected in order to analyze the bacteriophage
concentrations using the double-agar overlay method.
All column experiments were conducted in a large
refrigerator at approximately 4˚C to minimize the pos-
sible inactivation of the viruses due to high tempera-
tures.

2.4. Data analysis

The total mass of bacteriophage injected into the
column (Mtotal) during the experiment can be calcu-
lated as follows [22]:

Mtotal ¼ C0Qttotal (2)

where C0 is the influent concentration of the bacterio-
phage, Q is the flow rate, and ttotal is the total flow
time. The column capacity for bacteriophage removal
at a given flow rate and the influent concentration of
bacteriophage (Ccap) can be quantified as follows:

Ccap ¼ Q

Z t¼ttotal

t¼0

ðC0 � CtÞdt (3)

where Ct is the effluent concentration of the bacterio-
phage at time t. The mass recovery (Mr) of the bacte-
riophage during the experiment can be calculated as
follows:

Mr ¼ 1� Ccap

Mtotal

� �
� 100 (4)

Fig. 1. Transmission electron microscopy image of iron
oxide nanoparticles used in the batch experiments (bar =
50 nm).
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The mass of the bacteriophage removed per unit mass
of adsorbent in the column (qa), which is called the
column capacity, can be determined as follows:

qa ¼ Ccap

Mf
(5)

where Mf is the mass of adsorbent in the column. The
modified dose–response kinetic model can be pre-
sented as [23]:

Ct

C0
¼ 1� 1

C0Qt
qaMf

� �A
þ1

(6)

where A is the modified dose–response model con-
stant. The one-dimensional transport model for con-
taminants in the filter materials can be described as:

@C

@t
¼ D

@2C

@x2
� v

@C

@x
� kC (7)

where C is the concentration of the contaminants in
the aqueous phase, D is the hydrodynamic dispersion
coefficient, v is the velocity of the contaminants, and λ
is the removal rate coefficient. The transport model
parameters can be determined by fitting the CXTFIT
code [24] to the BTCs of the contaminants.

3. Results and discussion

3.1. Characteristics of iron oxide-impregnated fiberglass

The FESEM images of the raw fiberglass and
Fe-fiberglass are presented in Fig. 3. The raw fiber-
glass used in the experiments was balanced biaxial
plain fabric (Fig. 3(a)). The individual fiber has a

Fig. 2. Schematic diagram of the flow-through experiment (modified from Li et al. [30]).

Table 1
Flow-through column experimental conditions used in the study

Exp. Filter materials Solution Solute Solute concentration (g/L or PFU/mL) Flow rate (mL/min)

1a Raw fiberglass DW Chloride 2.0 0.5
1b Raw fiberglass AG MS2 9.63 × 105 0.5
2a Fe-fiberglass DW Chloride 2.0 0.5
2b Fe-fiberglass AG MS2 4.25 × 105 0.5
3a Fe-fiberglass DW Chloride 2.0 0.5
3b Fe-fiberglass AG MS2 2.90 × 105 0.5
4a Fe-fiberglass DW Chloride 2.0 0.5
4b Fe-fiberglass AG-10 MS2 7.43 × 105 0.5

Note: DW=deionized water; AG = artificial groundwater; AG-10 =AG with 10mM NaHCO3.
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diameter of 7.953 μm (Fig. 3(b)). In the Fe-fiberglass,
iron oxides covered the majority of the fiberglass
surfaces as a heterogeneous layer (Fig. 3(c)). Color
mapping was performed to visualize the spatial distri-
bution of iron (Fe) on the Fe-fiberglass as a red color
(Fig. 3(d)).

The EDS analysis (Fig. 4(a)) indicated that the
major elements of the Fe-fiberglass were oxygen
(30.85 wt.%), carbon (28.61 wt.%), and iron (12.58 wt.%)
along with other minor elements (silicon, calcium,
etc.). Through the EDS analysis, iron (Fe) was found
at the peak positions of 0.70, 6.40, and 7.06 keV as L-
alpha, K-alpha, and K-beta X-ray signals, respectively.
In addition, carbon (C) was evident at the peak posi-
tion of 0.277 keV as the K-alpha X-ray signal.

The XRD pattern of the iron oxides (Fig. 4(b))
showed peaks corresponding to maghemite (γ-Fe2O3,
JCPDS 89-5892, 2θ = 30.266, 35.651, 43.332, 53.766,
57.319, 62.949) and goethite (α-FeO[OH], JCPDS 81-
0464, 2θ = 21.240, 33.243, 41.183, 58.998). The XRD pat-
tern of the Fe-fiberglass also showed the major peaks
found in iron oxides (Fig. 4(b)). Note that the goethite
peaks were not noticeable on the Fe-fiberglass XRD
pattern because the intensity of goethite peaks was far
low relative to the peaks of others (halite, calcite,
gypsum, etc.).

3.2. Bacteriophage MS2 sorption to iron oxide-impregnated
fiberglass

The sorption of bacteriophage MS2 by iron oxides
under batch experimental condition is presented in
Table 2. The percent removal increased with an
increasing dose of iron oxides from 0.5 to 3.0 g/L. At
a dose of 0.5 g/L, the percent removal was 76.25 ±
0.62%. As the iron oxide dose increased to 1.0 g/L, the
percent removal increased to 91.43 ± 1.07%. At 2.0 and
3.0 g/L, the percent removal further increased to 99.75
± 2.60% and 99.90 ± 2.98%, respectively. Meanwhile,
the removal capacity decreased with an increasing
dose of iron oxides. At 0.5 g/L, the removal capacity
was (9.15 ± 0.44) × 108 pfu/g. As the iron oxide dose
increased to 1.0 g/L, the removal capacity decreased
to (5.49 ± 0.03) × 108 pfu/g. At 2.0 and 3.0 g/L, the
removal capacity further decreased to (1.42 ± 0.01) ×
108 pfu/g and (1.07 ± 0.01) × 108 pfu/g, respectively.
The batch tests demonstrated that iron oxides were
effective in the removal of bacteriophage MS2.

The BTCs of chloride (Cl) and bacteriophage MS2
obtained from the flow-through column experiments
are shown in Fig. 5. The experimental results of Cl
and MS2 are presented in Tables 3 and 4, respectively.
In the raw fiberglass column (Exp. 1), the effluent

Fig. 3. FESEM images: (a) raw fiberglass (bar = 100 μm); (b) individual fiber (bar = 20 μm); (c) Fe-fiberglass (bar = 20 μm);
(d) Fe color mapping of Fe-fiberglass (bar = 100 μm).
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concentration of Cl, which is a conservative tracer,
rose drastically with time and reached the influent
concentration of Cl (relative concentration = 1.0) at
150min. The effluent concentration of MS2 (Exp. 1)
showed a similar trend with Cl, reaching the relative
concentration of 1.0 at 150min and then fluctuating

between 0.75 and 1.09 (Fig. 5(a)). The mass recoveries
of Cl and MS2 were 96.7 and 93.4%, respectively,
indicating that the MS2 removal capacity of the raw
fiberglass was very low.

Compared to the raw fiberglass, the Fe-fiberglass
efficiently removed MS2 in the flow-through column

Fig. 4. EDS pattern of Fe-fiberglass (a) and XRD patterns of iron oxide particles and Fe-fiberglass (b).

Table 2
Removal of bacteriophage MS2 by iron oxide particles under batch experimental conditions (initial MS2 concentration =
6.01 × 105 pfu/mL; reaction time = 4 h)

Iron oxide dose (g/L) 0.5 1.0 2.0 3.0

Percent removal 76.25 ± 0.62 91.43 ± 1.07 99.75 ± 2.60 99.90 ± 2.98
Removal capacity (×108 pfu/g) 9.15 ± 0.44 5.49 ± 0.03 1.42 ± 0.01 1.07 ± 0.01
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experiments. In the Fe-fiberglass columns (Exps. 2
and 3), the effluent concentration of Cl also rose
drastically with time and reached the relative concen-
tration of 1.0 at an early time. However, the effluent
concentrations of MS2 (Exps. 2 and 3) showed differ-
ent behaviors as compared to Cl, reaching a relative
concentration of 0.4 around 200–300min and then
increasing slowly to 0.48–0.53 at 1,400min (Fig. 5(b)
and (c). The mass recoveries of Cl were 94.9 and
97.2% (Table 3), respectively, whereas the mass

Fig. 5. Breakthrough curves of chloride (Cl) and bacteriophage MS2 obtained from flow-through column experiments: (a)
Experiment 1 (raw fiberglass); (b) Experiment 2 (Fe-fiberglass); (c) Experiment 3 (Fe-fiberglass); (d) Experiment 4 (Fe-
fiberglass). Experimental conditions are presented in Table 1.

Table 3
Column experimental results and model parameters
obtained from chloride breakthrough curves

Exp. Mr (%) v (cm/min) D (cm2/min) R2

1a 96.7 0.158 0.036 0.981
2a 94.9 0.115 0.217 0.992
3a 97.2 0.114 0.127 0.988
4a 99.3 0.160 0.055 0.982

Table 4
Column experimental results and model parameters obtained from bacteriophage MS2 breakthrough curves

Exp. Mtotal (pfu) Ccap (pfu) Mr (%) v (cm/min) D (cm2/min) λ (1/min) R2

1b 6.93 × 108 4.54 × 107 93.4 0.163 0.071 3.0 × 10−4 0.901
2b 3.06 × 108 1.61 × 108 47.4 0.092 4.319 1.9 × 10−3 0.895
3b 2.09 × 108 1.22 × 108 41.6 0.066 2.621 2.0 × 10−3 0.888
4b 6.91 × 108 2.55 × 108 63.1 0.073 0.735 1.5 × 10−3 0.888
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recoveries of MS2 were 47.4 and 41.6% (Table 4),
respectively. These results indicated that the bacterio-
phage removal capacity of fiberglass could be
enhanced through the impregnation of iron oxides on
the surfaces of fiberglass.

In the case of Exp. 4, when 10mM of NaHCO3

was added to AGW, the bacteriophage removal capac-
ity of the Fe-fiberglass was reduced. In the Fe-fiber-
glass columns (Exp. 4), the effluent concentration of Cl
also showed the same trends as the cases of Exps. 1–3.
The effluent concentration of MS2 also showed differ-
ent behaviors as compared to Cl, reaching a relative
concentration of 0.4 at 150min and fluctuating
between 0.41 and 0.79 thereafter (Fig. 5(d)). The mass
recovery of Cl was 99.3% (Table 3), whereas the mass
recovery of MS2 was 63.1% (Table 4). Compared to
Exps. 2 and 3, the mass recovery of MS2 in Exp. 4
increased to 16–22%. This result could be attributed to
the adsorption of (bi)carbonate ions to the surface of
the iron oxides, resulting in a decrease of available
sorption sites for MS2. (Bi)carbonate ions have great
affinity for iron oxides and so disturb the adsorption
of bacteriophage via the competition of sorption sites
on the iron oxide surfaces. A similar finding was
reported by Gutierrez et al. [19], who showed that no
removal of MS2 and rotavirus by iron oxides (hema-
tite) was observed in the presence of (bi)carbonate
ions (0.1 and 1.0 mM). They reported that the virus
removal was reduced because the sorption sites on the
hematite surfaces were more preferentially occupied
by (bi)carbonate than by viruses.

The modified dose–response model fits to the BTCs
of MS2 are shown in Fig. 6. The observed BTCs were
well described by the modified dose–response model.
The model parameters for the modified dose–response
model are summarized in Table 5. The modified dose–
response model constants (A) in the Fe-fiberglass
(Exps. 2b–4b) were in the range of 0.30–0.76, one order
of magnitude larger than the value (= 6.58) in the raw
fiberglass (Exp. 1b). The column capacity for MS2
removal determined from the model fitting (q0,mod)
was similar to the value quantified from the experi-
ments using Eq. (5) (q0,exp) (Table 5). The values of q0,
mod in the Fe-fiberglass (Exps. 2b–4b) were in the
range of (1.38–2.95) × 106 pfu/g, one order of magni-
tude greater than the value (= 5.36 × 105 pfu/g) in the
raw fiberglass (Exp. 1b).

The observed BTCs of Cl and MS2 are presented
with the simulated BTCs from the transport model
in Fig. 7. The observed BTCs of Cl indicated that
the hydrodynamic conditions of the four column
experiments were similar. For the BTCs of Cl
(Fig. 7(a)), the transport characteristics v and D were
determined to be 0.137 ± 0.026 cm/min and 0.109 ±

0.082 cm2/min, respectively (Table 3). In addition,
the values of v and D for the MS2 BTCs (Fig. 7(b))
were 0.099 ± 0.044 cm/min and 1.937 ± 1.921 cm2/min,
respectively (Table 4). The removal rate coefficients
(λ) in the Fe-fiberglass (Exps. 2b–4b) were in the
range of (1.5–2.0) × 10−3 1/min, which were one
order of magnitude larger than the value in the raw
fiberglass (3.0 × 10−4 1/min; Exp. 1b).

3.3. Iron oxide-impregnated fiberglass and virus removal

In the literature, iron oxides have been impreg-
nated on the surfaces of quartz sand to improve the
virus removal capacity of the filter media [25,26]. Luk-
asik et al. [27] modified sand with iron oxides to
remove poliovirus and bacteriophage MS2 from tap
water. They reported from column experiments that
modified sand efficiently removed viruses from water.
Zhuang and Jin [28] examined the removal of two bac-
teriophages (PhiX174 and MS2) by goethite-coated
sand using column experiments. They showed that
solution chemistry (pH and anions) played a signifi-
cant role in the removal of viruses by the coated sand.

Fig. 6. Modified dose–response model fits to the break-
through curves of bacteriophage MS2.

Table 5
Model parameters for modified dose–response model
obtained from bacteriophage breakthrough curves

Exp. A qa,mod (pfu/g) qa,exp (pfu/g) R2

1b 6.58 5.36 × 105 8.19 × 105 0.915
2b 0.30 2.86 × 106 2.91 × 106 0.887
3b 0.30 2.95 × 106 2.20 × 106 0.902
4b 0.76 1.38 × 106 1.60 × 106 0.901
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Bradley et al. [29] also performed column experiments
using biosand filters amended with iron oxides to
remove bacteriophage MS2. They reported that the
iron-amended sand columns were far more effective
in the removal of bacteriophage than the sand col-
umns alone.

However, fiberglass has a higher specific surface
area than sand due to its small diameter, so a higher
loading of iron oxides on its surface can be achieved
[12,15]. Recently, several studies have suggested that
iron oxide-impregnated fiberglass may have advanta-
ges over iron oxide-impregnated sand in water treat-
ments [15–17]. Kumar and colleagues [12,15]
developed iron oxide-coated fibers and used them as
adsorbents for arsenic removal in water. Li et al. [30]
also developed an anionic exchange fiberglass with an
iron oxide coating and used it as a POU device for
arsenic removal in tap water. Nangmenyi et al. [16,17]
observed the bactericidal activity of silver nanoparti-
cle-impregnated fiberglass for water disinfection.

Furthermore, Nangmenyi et al. [18] modified iron
oxide-impregnated fiberglass with silver nanoparticles
to improve its antibacterial properties. They used the
impregnated fiberglass for the removal of E. coli and
bacteriophage MS2. Gutierrez et al. [19] examined the
effective removal of rotavirus and bacteriophage MS2
by fiberglass impregnated with hematite nanoparticles
through batch and flow-through experiments. They
suggested that the iron oxide-impregnated fiberglass
could be used as a POU device for virus removal. Our
results also demonstrated the potential application of
iron oxide-impregnated fiberglass for virus removal in
water treatment.

4. Conclusions

Iron oxide-impregnated fiberglass was prepared
and used for the removal of bacteriophage MS2 using
flow-through experiments. In the raw fiberglass col-
umn, the BTC of MS2 showed a similar trend as the
BTC of chloride. The mass recoveries of chloride and
MS2 indicated that the bacteriophage removal capacity
of the raw fiberglass was almost negligible. In the Fe-
fiberglass columns, the BTCs of MS2 had a different
behavior as compared to the BTCs of chloride. The
mass recoveries indicated that the Fe-fiberglass was
efficient in the removal of bacteriophage. In the pres-
ence of (bi)carbonate ions, the mass recovery of MS2
in the Fe-fiberglass increased, indicating that the bac-
teriophage removal was reduced due to the competi-
tion of sorption sites between (bi)carbonate and
bacteriophage. This study demonstrated that the bacte-
riophage removal capacity of fiberglass could be
improved via the impregnation of iron oxides. Further
experiments are recommended to examine the simul-
taneous removal of viruses and other contaminants
such as arsenic and fluoride from water using Fe-fiber-
glass as the filter materials.
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