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INTRODUCTION

A study by the State University of New York at Fredonia
examined the issue of pollutants present in the latest bottled
water in 2018. The trial tested 259 bottles of 11 drinking water
brands sold in eight countries. It was found that 93% of water
contained microplastics [1]. A sample taken from Indonesia
contains an average of 382 microplastic particles per liter,
ranging in size from 6.5 to over 100 µ [1]. It is well known that
bottled drinking water samples extracted from local products
contain as many as 4,713 microplastic particles per liter. Non-
local drinking water samples can contain up to 10,390 particles
per liter of microplastics containing polypropylene, nylon,
polystyrene and polyethylene types [1]. The test brought back
bottled water products under the same brand in the laboratory
of the Faculty of Mathematics and Science, University of
Indonesia and found that the microplastic particle size was 11
to 247 µ [2]. It is well known that the microplastic carcino-
genicity of particles contained in drinking water can cause
cancer [3]. The physical presence of microplastics as pollutants
can also trigger the clotting of the digestive tract. It is believed
that if the content of microplastics is less than 150 µm [4],
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they can also moved to the human body. Therefore, it should
be emphasized that drinking water purification technology can
not only separate the particle size based on microplastics but
also decompose into harmless compounds.

The most important component in a water purification
unit is a technology that can be used to disinfect pathogenic
microorganisms and degrade other pollutants. Plasma ion tech-
nology has been widely used as the main component of ion
generators, which can generate OH radicals for water purifica-
tion [5]. However, plasma technology also has a sufficiently
high risk related to work safety when it is applied [5]. There-
fore, purification technology using photocatalytic nanocom-
posite materials has been proven as a promising technique for
purification and treatment of various kinds of wastewater [6].
Various studies reported [7,8] that combination of several
materials into composite materials can lead in the formation
of an effective purification unit. Previous studies [9] have shown
that TiO2 nanoparticles compiled with plastic polyethylene
particles (1% by weight) exhibit 86% microplastic degradation
activity under UV irradiation, but the required high irradiation
time of 300 h. To improve the photocatalytic ability, the photo-
catalyst can be combined with a metal dopant. This increase
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is related to the efficiency and ability of the core dopant to
trap charge carriers (electron trapping) and reduce the recom-
bination rate between e– and h+. The researchers chose metallic
silver as the dopant because it has been shown to reduce the
bandgap energy, so it can work under visible light and can be
used as an electron trapping agent, thereby limiting recombi-
nation rate so that electrons can be absorbed. It is easier to excite
and improve the photocatalytic activity of TiO2 [10]. In addition
to support the performance of TiO2 to degrade organic comp-
ounds, metallic silver also has the advantage of being an anti-
bacterial agent [11].

In this study, polyethylene microplastics were chosen as
samples because they have a wide range of applications in
various needs of industry and households [12]. The Ag/TiO2

was synthesized by photo-assisted deposition (PAD) method,
where AgNO3 precursor was added to the TiO2 P25 slurry, which
was then placed in a photoreactor for 6 h. Characterization
viz. SEM-EDX (scanning electron microscope with energy
dispersive X-ray spectroscopy), XRD (X-ray diffraction) and
UV-Vis-DRS (UV-vis diffuse reflec-tance spectroscopy) were
performed to provide information about the difference between
TiO2 and Ag/TiO2. Then, ability of Ag/TiO2 to degrade poly-
ethylene microplastics in water was tested under ultraviolet
radiation.

EXPERIMENTAL

Catalyst preparation: The synthesis of Ag/TiO2 nano-
composite was carried out by using the photo-assisted deposition
(PAD) method [13]. In the first step, a TiO2 slurry was prepared
by adding 2 g of TiO2 in 270 mL distilled water followed by
the addition of nitric acid to keep the pH of the slurry to 3 and
then placed the slurry in an ultrasonic instrument for 30 min.
In the next step, added 0.047 g AgNO3 to the slurry followed
by the addition of 1% dopant to Ag/TiO2 based on the mass of
TiO2 initially used. Stirring was continued for 0.5 h followed
by the addition of 30 mL methanol. Finally, the slurry was
inserted into the photoreactor under stirring and irradiated for
6 h. The slurry was then centrifuged twice for 30 min at 4000
rpm to separate and the pH of the composite was increased to 6.
Finally, the sample was dried at 150 ºC and then calcined at
300 ºC for 1 h.

Characterization: The SEM-EDX characterization of the
catalyst was performed to observe the pattern or surface structure
of the synthesized Ag/TiO2 catalyst and observed the percentage
of Ag element loading on Ag/TiO2. The UV-Vis DRS charact-
erization aims to determine the energy gap value of the TiO2

photocatalyst composite material which has been supported
by silver metal. The XRD characterization was done to deter-
mine the crystal size and characteristics of the catalyst doped
with silver metal.

Analysis of disinfection: The total plate count (TPC)
method was used to analyze the disinfection performance of
microorganisms modeled on Escherichia coli. This method
count the colonies of Escherichia coli after UV irradiation and
photocatalysis. Added 1 mL of E. coli in a beaker containing
20 mL distilled water and 20 mg of composite material. The
solution was stirred thoroughly and irradiated with UV light

in the photoreactor for 2 h. After every 0.5 h, 1 mL sample
was pipetted out and diluted with 10 mL of aqueous solution
buffered peptone . The dilution factor was 5 times. Then, pour
1 mL diluted sample into a petri dish and filled it with place
count agar (PCA) solution. After the PCA solidifies, the petri
dish was incubated at 37 ºC for 24 h. The disinfection percentage
of the nanocomposite was calculated by using eqn. 1:

o

o

C C
Disinfection (%) 100

C

−
= × (1)

where Co and C are the concentration of E. coli in CFU/mL
which can be calculated from eqn. 2.

N
C d

V
= × (2)

where N is the total E. coli colonies in the plate count agar, d
is the dilution factor and V is the volume of sample.

Microplastic degradation test: The microplastic degrad-
ation test was performed by adding microplastics made of 100-
150 µm polyethylene scrub to distilled water. About 100 mL
of aqueous solution and 50 mg of microplastics were added to
the beaker followed by the addition of 50 mg of catalyst was
added to the solution and the solution was continuously stirred.
The degradation test was carried out at room temperature with
ultraviolet radiation. The same amount of initial plastic conta-
minants were analyzed at 1, 2, 3 and 4 h and then filtered the
solution using Whatman filter paper 41 in order to filter the
undissolved microplastics in the solution. After that the filter
paper and microplastics were dried at 100 ºC for 1 h in an oven.

RESULTS AND DISCUSSION

SEM-EDX analysis: The prepared catalyst was character-
ized by SEM-EDX, the pattern or surface structure of Ag/TiO2

catalyst was observed and compared with TiO2 P25. The results
of the SEM characterization can be seen in Fig. 1.

Fig. 1 shows the 10,000 times magnification of TiO2 and
Ag/TiO2 catalysts. It can be seen that the Ag/TiO2 catalyst formed
small agglomerates. The formation of these agglomerates is
the result of heat treatment that occurs during the catalyst synth-
esis process. Using SEM microscope, the silver metal is not
very obvious, this is because some metals synthesized by the
photo-assisted deposition (PAD) method will have a smaller
size (nanometer), which is relatively invisible under the micro-
scope magnification [14]. Table-1 showed the EDX result of
silver metal loading was sufficient in the PAD synthesis process.
This shows that the method used for the synthesis is appropriate
and produces good results.

TABLE-1 
PERCENTAGE OF EACH ELEMENT ON THE  

CATALYST FROM EDX CHARACTERIZATION 

Element 1% Ag/TiO2 3% Ag/TiO2 5% Ag/TiO2 

Ti 60.81 43.15 59.68 

O 38.08 54.14 35.72 

Ag 1.11 2.71 4.60 
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UV-visible analysis: The gap value of doped composite
was compared with the TiO2 P25 composite to determine the
effect of silver metal dopant on the photon absorbance ability of
the composite. The results of the characterization of Ag/TiO2

were compared with the TiO2 P25 catalyst, which is known to
have good responsiveness to UV rays with a wavelength of
< 380 nm [15]. Fig. 2 shows the absorbance value of Ag/TiO2

catalyst with variations in the metal loading of 1, 3 and 5 wt.%.
The value of the energy bandgap for each catalyst was

calculated using the Kubelka-Munk equation. By plotting
between F(R) against hν and extrapolating in its linear region,
the hν value in F(R) can be determined. And F(R) = 0, which
is the energy value in the gap of the absorbing species. After
extrapolating at F(R) = 0, then on the x-axis, the value of the
catalyst energy gap band is obtained [16,17]. The energy gap
band values for each catalyst are shown in Table-2.

XRD Characterization: XRD patterns of pure TiO2 and
5% Ag/TiO2 are shown in Fig. 3. The 2θ values of 25.3º, 37.8º
and 48.0º correspond to the anatase phase. Similarly, peaks at
2θ values of 27.4º, 36.1º and 41.2º rutile phase of TiO2. How-
ever, no diffractions peaks in the patterns of silver doped samples
were observed. This is probably caused by the silver particle
size on TiO2 which is very small, thus results in the high dispersion
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Fig. 2. Absorbance results of the TiO2 and Ag/TiO2

TABLE-2 
BAND GAP ENERGY CALCULATION 

Catalysts Band gap energy (eV) Wavelength (nm) 
TiO2 Evonik P25 [11] 3.10 399 

1% Ag/TiO2 3.02 411 
3% Ag/TiO2 2.85 435 
5% Ag/TiO2 2.70 459 

 

(a)

(c)

(b)

(d)

Fig. 1. SEM result on (a) TiO2, (b) 1% Ag/TiO2, (c) 3% Ag/TiO2 and (d) 5% Ag/TiO2

[15]
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Fig. 3. XRD result of TiO2 and 5% Ag/TiO2 catalyst

of dopant species because of the PAD synthetic method
[13,14]. The crystalline size and TiO2 phase percentage in each
composite are shown in Table-2.

The anatase crystals on the TiO2 catalyst are the most active
in the photocatalytic process. The more anatase crystals in the
catalyst, the better effectiveness of the photocatalytic perfor-
mance. However, the presence of rutile crystals also exerts the
great significance, which indicates that there are no impurities
in the catalyst and is more crystalline. The crystal size can be
determined by the Scherrer equation and the crystal composi-
tion are shown in Table-3.

TABLE-3 
CRYSTAL COMPOSITION AND  

SIZE FROM X-RAY DIFFRACTION 

Mass (%) Crystal size (nm) 
Catalyst 

Anatase Rutile Anatase Rutile 
TiO2 P25 69.97 30.03 21 29 

5% Ag/TiO2 69.14 30.86 20 32 

 
Microorganism disinfection analysis: Fig. 4 displays the

results of the photocatalytic disinfection of E. coli by TiO2 and
Ag/TiO2 and without any photocatalyst under UV irradiation.
The condition without catalyst and UV irradiation is shown as
the control samples. Without catalyst and UV irradiation, the
amount of E. coli proliferates with time.

Fig. 5 shows that 3% Ag/TiO2 performs best in E. coli
disinfection, reaching almost 80% within 2 h under UV irradi-
ation, followed by 1% Ag/TiO2 and 5% Ag/TiO2. Among other
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Fig. 4. E. coli colony (logarithmic scale) vs. time of reaction
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Fig. 5. Disinfection percentage to Ag loading after 2 h irradiation

Ag/TiO2 samples, 5% Ag/TiO2 composite showed the lowest
disinfection percentage. This indicates that the bactericidal
ability does not always increase with the increase in the amount
of Ag loaded on TiO2. This phenomenon may be caused by
too much Ag deposited on TiO2 and covering the active sites of
TiO2, which affects the poor absorption of photons. Therefore,
3% Ag/TiO2 has the best Ag loading in the disinfection of E.
coli.

Mechanism: The disinfection of E. coli is influenced by
TiO2 catalyst, which is caused by a redox reaction in the bacterial
cell membrane that occurs from the presence of hydroxyl
radicals and O2− generated after TiO2 is activated by UV light.
Due to the light excitation on the surface of TiO2 catalyst, the
hydroxyl groups and O2− radicals are formed through holes
and electrons. Hydroxyl and O2− free radicals attack the outer
membrane of E. coli, causing the cell membrane to rupture
and cause lysis [18]. The destruction of this membrane provides
an entry point for hydroxyl and O2− radicals, so they can destroy
the contents of the cell. On the other hand, adding Ag metal
dopant also has the effect of disinfecting E. coli. The Ag metal
reacts with water to form Ag+ and interacts with the SH (retinol)
group in the bacteria and then kills the bacteria [19]. Therefore,
due to the role of the Ag dopant as an electron trapping agent
and a disinfectant, the performance of the catalyst will be
improved.

Microplastic degradation analysis: Fig. 6 shows the
performance of microplastic degradation using pure TiO2, Ag/
TiO2 and no catalyst. The results show that the catalyst can
degrade the microplastic compounds in water under ultraviolet
radiation and the 3% Ag/TiO2 catalyst has the best degradation
ability for 4 h of radiation, with a mass of microplastic remaining
after the degradation process is 9.5 mg or 81% of mass degrad-
ation percentage, whereas the analysis without a catalyst showed
no change in the microplastic mass. This indicates that the
degradation process of microplastics under ultraviolet light is
affected by the presence of photocatalysts and will not occur
without catalysts under ultraviolet light.

Mechanism: The presence of photocatalyst in water under
UV irradiation will produce OH•, which is a great oxidizing
agent which in turn reduce the microplastic pollutant. The
overall reaction mechanism of the microplastic degradation
by TiO2 OH• can be explained in eqns. 1-6 [12,20]:
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(–CH2–CH2–)n + •OH– → (–CH2–•CH–)n + H2O (1)

(–CH2–•CH–)n + O2 → (–CH2–HCOO•–CH2–)n (2)

(–CH2–HCOO•–CH2–)n + (–CH2–CH2–)n →
(–CH2–HCOOH–CH2–) + (–CH2–•CH)n (3)

(–CH2–HCOOH–CH2–)n → (–CH2–HCO•–CH2–)n + •OH– (4)

(–CH2–HCO•–CH2–)n → Carbonyl groups (5)

(–CH2–HCO) + (–CH2–COOH) + (CH2–CO–CH2–)
                                                          → CO2 + H2O(6)

Conclusion

Silver doped TiO2 exhibited better performance in E. coli
disinfection and microplastic degradation tests in water bottled
samples. The 3 wt.% silver doped on TiO2 showed optimimum
antibacterial activity could disinfect 79.61% of E. coli within
2 h UV irradiation, which was higher than 51.6% of pure TiO2.
The microplastic degradation test showed similar results, where
3 %wt. of silver doped on TiO2 had a higher percentage of
degradation, with a percentage of mass degradation of 81%.
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