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Abstract: Farmers widely use malathion, even in households, and significant amounts of seep
through groundwater and effluent wastewater. It is toxic to animal and human life. Hence its re-
moval from wastewater is necessary. Here, we report the applicability of hydroxyapatite as a cata-
lyst in the UV-light-assisted degradation of malathion. The hydroxyapatite was synthesized via cal-
cination from milkfish (MF1000) and cream dory (CD1000) bones. FTIR and PXRD results proved
the successful synthesis of hydroxyapatite from the fish bones. SEM images revealed that the syn-
thesized hydroxyapatite varies from 19 to 52 nm in size with a pseudo-spherical morphology. Deg-
radation efficiency increases when catalyst dosage or irradiation time is increased. Degradation ef-
ficiencies range from 8.18% to 67.80% using MF1000 and from 20.50% to 67.90% using CD1000. Mal-
athion obeys the first-order kinetics with a kinetic constant up to 7.0289 x 10 min™! for 0.6 g catalyst
loading. Meanwhile, malathion obeys second-order kinetics with a kinetic constant up to 1.1946 x
103 L min™ mg™! for 0.6 g loading. Across all catalyst loadings, CD1000 has faster degradation ki-
netics compared to MF1000. The results of this study validate that the calcined fish bones are effec-
tive in removing malathion in an aqueous solution, which significantly impacts lessening the detri-
mental effects of pesticides in groundwater and wastewater.
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1. Introduction

The consumption of agrochemicals in the Philippines is relatively large due to the
massive farming activities in the country. Agrochemicals such as fertilizers and pesticides
are used to boost production, ensure productivity and prevent crop damage. Despite its
benefits in elongating the lives of crops through the prevention of pests, pesticides are
poisonous to insects and humans. Since these chemicals have been occurring for decades,
consequences emerge, such as contamination of water sources and indirect harm to hu-
man health [1]. Fungicides such as dithane, mancozeb, and funguran, insecticides such as
cypermethrin, malathion, and decis, and weedicides such as clear out and round up were
found to be the pesticides that are most consumed by Filipino farmers [1,2]. Brought about
by the large consumption of the said pesticides, some of these have been found in bodies
of water. Specifically, cyhalothrin, cypermethrin, deltamethrin were detected on streams
and rivers in the islands of Leyte [3]. Organochlorine pesticides such as dieldrin, endosul-
fan II, a-Hexachlorocyclohexane, and heptachlor are detected in the surface water and
groundwater in Pampange [4]. Additionally, catchments along Laguna Lake have also
been proven to be positive in terms of pesticide contamination due to agricultural
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activities done around the area [5]. Presently, pesticide contamination in bodies of water
and wastewater are of high concern as current wastewater treatment methods are some-
how inefficient in removing such hazardous chemicals.

To prevent further damages brought about by pesticide contamination of water
streams, one solution is the treatment of such wastewater prior to final disposal which
leads to the high demand of technologies for the removal of pesticides from agricultural
run-offs and wastewater [6]. Among these treatment are electrochemical methods [7], ad-
sorption [8], phytoremediation [9], and photocatalysis [10]. Among these, photocatalysis
remain the top choice of researchers due to its simplicity in completely degrading the pol-
lutants. In photocatalysis, the system is irradiated by light to induce electron and holes
formation on the catalyst’s surface. These electron holes would then function as a media-
tor of redox reaction. The end product would then react with dissolved contaminants in
the water which would follow the degradation or separation of the contaminant with wa-
ter [11]. A wide range of photocatalysts have been investigated for pesticide degradation
such as TiO2 [12], ZnO, [13], and other semiconductors [14], among others.

Recently, the use of greener photocatalysts such as hydroxyapatite (HAp,
Cai(POs)(OH)2) for photocatalysis have been studied to replace conventional semicon-
ducting photocatalysts [15]. Hydroxyapatite has been proven to degrade, via photocatal-
ysis, dyes [16], pharmaceuticals [17], and pesticides [18] from wastewater and aqueous
solutions.

Here we report the synthesis of HAp from the fish bones of milkfish, Chanos chanos,
and cream dory, Pangasius dory, via calcination. The fish bones —derived HAp were then
used for the photocatalytic degradation of malathion in aqueous solutions. We investi-
gated the effect of catalyst loading, UV light irradiation time, and HAp type on the deg-
radation of malathion.

2. Materials and Methods
2.1. Materials

The milkfish bones were obtained from Limay, Bataan. The cream dory bones were
obtained from Libertad Public Market. 100 mg of Malathion Pestanal (C10HsOsPS2, 98%,
Belman Laboratories) was diluted with 1.0 L of deionized water to produce the simulated
malathion-contaminated water.

2.2. Synthesis and Characterization of Hydroxyapatite

The fish bones of the milkfish and cream dory were cleaned separately in boiling
water to remove any impurities such as meat, fats, scales, and any other contaminants.
The fish bones were then subjected to convection air drying at 40 °C. Then, the fish bones
were cut into 20-30 mm sections. The fish bones were subjected to calcination (EYELA
TMEF-2200) at 1000 °C for 2 h. The milkfish and cream dory bones were calcined separately.
The HAp derived from milkfish bones was named MF1000, and the HAp derived from
cream dory bones was named CD1000.

The structure of the fish bone-derived HAp was characterized via powder X-ray dif-
fraction (PXRD, Shimadzu XRD-7000 Maxima-X; 40 kV; 30 mA) with CuKa radiation. The
morphology of the fish bones derived from hydroxyapatite was evaluated via scanning
electron microscopy with energy dispersive x-ray analysis (SEM-EDX, JEOL 5300). The
functional groups on the synthesized powders were determined using a Fourier infrared
transform spectroscopy (FTIR, Perkin Elmer Spectrum Two L60000A).

2.3. Photocatalytic Degradation of Malathion

A simulated aqueous malathion solution was prepared by dissolving 100 mg of mal-
athion in 1.0 L deionized water, resulting in an initial concentration of 100 ppm. For the
photocatalytic degradation, a homemade photocatalytic reactor box was made, and a UV
lamp (Amax = 254 nm; Sankyo Denki, Hiratsuka, Japan) was installed in the photoreactor
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box. The lamp was positioned horizontally and 10 cm above the surface of the solution.
The box’s interior was covered with aluminum foil to prevent outside light’s passage into
the box. 0.2 g of the hydroxyapatite catalyst was added to the solution before UV irradia-
tion. A magnetic stirrer was also installed on the reactor to maintain adsorption equilib-
rium between the hydroxyapatite catalyst and the Malathion solution. The solution was
kept at room temperature. The solution was irradiated for 30, 60, 90, 120, and 150 min.
Following this, the malathion absorbance on the filtrate was determined using a UV-Vis
spectrophotometer (Lambda 25 L60000B UV-Visible Perkin Elmer, 190-1100 nm) meas-
ured at 210 nm. The malathion’s wavelength was adopted from Sharma (2016). The deg-
radation efficiency was expressed in terms of the initial and final concentration and was
estimated using the equation below:

C
% degradation = OCO x 100, 1)

where C, is the concentration at 0 min, and C is the variable concentration (concentra-
tion at the time of withdrawal of sample). The same process was repeated using 0.4 g and
0.6 g of hydroxyapatite to determine the effect of the catalyst dosage on the degradation
efficiency. The hydroxyapatite from the milkfish bones and cream dory bones was used
as a photocatalyst separately.

3. Results
3.1. Characterization of Hydroxyapatite

The morphology of the hydroxyapatite was analyzed using a Scanning Electron Mi-
croscope. Both samples derived from the two fishes appear to be pseudospherical. Figure
la shows the SEM image for the cream dory-derived hydroxyapatite with particle size
ranging from 19 nm to 43 nm. The milkfish-derived hydroxyapatite’s SEM image is shown
in Figure 1b, with particle sizes ranging from 26 to 52 nm. The HAp particles appear clus-
tered together because of moisture content which causes the powder particles to stick to-
gether. Nevertheless, the composition of the CD1000 and MF1000 are almost identical.
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Figure 1. Surface morphology of (a) Cream dory-derived Hydroxyapatite and (b) Milkfish-derived
hydroxyapatite.

The FTIR spectra of CD1000 and MF1000, shown in Figure 2a, prove that numerous
functional groups are present in the HAp samples. The peak around 3500 cm~! may be
attributed to -OH vibrations brought about by the moisture adhering to the powders.
Peaks at around 1430 cm™ and 1520 cm™ correspond to C=O stretching could be linked to
CO: adsorbed on the sample surface during testing. The peaks at about 550 and 600 cm™!
are more likely due to the vibrational modes of the phosphate group in the apatite.

Figure 2b shows the PXRD results of CD1000 and MF1000, which were compared to
a standard hydroxyapatite reference. Both CD1000 and MF1000 have similar peaks, indi-
cating similar crystal structure of the two HAp powders. The major peaks for the milkfish-
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derived catalyst were at 31.97°, 33.10°, and 32.38° while the cream dory-derived catalyst
had 31.91°, 33.04°, and 32.32° as its peaks. All peaks observed are evidence that a typical
hydroxyapatite was produced from both fish bones compared to a standard reference
(JCPDS: 09-0432).
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Figure 2. (a) FTIR spectra and (b) X-ray diffraction profiles of cream dory-derived Hydroxyapatite
(CD1000) and Milkfish-derived Hydroxyapatite (MF1000).

3.2. Photocatalytic Degradation of Malathion

As shown in Figure 3, the degradation efficiency of malathion increases with an in-
crease in catalyst dosage and UV exposure time. The highest degradation was reached
after 150 min of exposure to UV light with 0.6 g of the catalyst. The highest degradation
efficiency obtained for the milkfish-derived catalyst was 67.80%, while the cream-dory-
derived catalyst resulted in 67.99% degradation. Both were obtained at 0.6 g of the catalyst
and UV light exposure for 150 min. These results may be due to kinetic effects since the
catalyst and the pollutant have a longer time to collide and react with each other at longer
UV exposure times (Nuengmatcha, 2016). Moreover, increased catalyst loading means
more active sites for malathion to react with during its degradation, hence the higher deg-
radation efficiencies.

% Degradation % Degradation

)

80.00 60.00

50.00 50.00

40.00 40.00

30.00 30.00

5
<
2
0§
g
o
o
q
®

E)

20,00

10.00

(a)



Eng. Proc. 2023, 37, x FOR PEER REVIEW 5 of 6

Figure 3. 3D plots for the photocatalytic degradation of malathion under UV light using (a) MF1000
and (b) CD1000 as photocatalysts.

Three-way ANOVA was adopted to determine the significant effect of varying the
parameters (catalyst loading, UV exposure time, and catalyst type) on the photocatalytic
degradation of malathion. The linear effect of catalyst loading, UV exposure time, and
catalyst type all significantly affect the degradation efficiency of malathion. Moreover, it
was found that the two-factor interaction between UV exposure time and catalyst loading
and between UV exposure time and HAp type also significantly affect the degradation of
malathion. Meanwhile, the two-factor interaction between catalyst loading and HAp type
has an insignificant impact on malathion degradation.

3.3. Degradation Kinetics

To investigate the mechanism of the malathion degradation, we fitted the experi-
mental data to first-order and second-order kinetics. When MF1000 was used as a photo-
catalyst, malathion obeys the first-order kinetics with a kinetic constant ranging from
5.2503 x 10-* min-! for 0.2 g catalyst loading to 7.0289 x 10-* min-! for 0.6 g catalyst loading.
Meanwhile, malathion obeys second-order kinetics with a kinetic constant ranging from
0.8520 x 10~% L min™ mg™ for 0.2 g loading to 1.1946 x 10 L min™' mg™! for 0.6 g loading.
Across all catalyst loadings, CD1000 has faster degradation kinetics compared to MF1000.
More studies are needed to elucidate the mechanism of malathion degradation in water
using the synthesized HAp.

4. Conclusions

Hydroxyapatite (HAp) was successfully synthesized via calcination. The HAp pro-
duced has a particle size ranging from 19 nm to 52 nm with a pseudo-spherical morphol-
ogy. PXRD and FTIR analysis confirmed the successful synthesis of HAp. Three-way
ANOVA showed that catalyst loading, UV exposure time, and HAp type are significant
factors in the photocatalytic degradation efficiency of malathion in water. Moreover, the
two-factor interaction between UV exposure time and catalyst loading and between UV
exposure time and HAp type affects the degradation efficiency. Kinetic study shows that
the degradation mechanism of malathion is best fit in a first-order reaction when using
milkfish-derived HAp (MF1000) and in a second-order reaction when using cream dory-
derived HAp (CD1000). Overall, CD1000 yielded faster degradation kinetics compared to
MF1000.
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