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Abstract: Eutrophication in water reservoirs releases algal organic matter (AOM), a key precursor to
the formation of disinfection by-products (DBPs) during the disinfection process. Typical drinking
water treatment is not efficient for AOM removal, and advanced treatments are necessary for the
removal of residual AOM before chlorination. UV-based technology with PS and TiO2 is widely
used as a pre-oxidation step in water treatment; however, no publications have focused on them for
AOM degradation. In this context, this work investigated the effect of oxidant concentration (0.1
to 0.5 g·L−1) and pH (6 to 10) on AOM degradation with TiO2/UV and persulfate (PS)/UV using
response surface methodology. In general, PS/UV was more effective in removing protein, while
TiO2/UV was more effective in carbohydrate degradation. TiO2/UV removals varied from 27 to 57%
for protein and from 48 to 86% for carbohydrates. The optimal condition (57% for protein and 86%
for carbohydrates) was obtained using 0.5 g·L−1 TiO2 at pH 10. PS/UV removals varied from 33 to
81% for protein and from 24 to 53% for carbohydrates. The optimal condition (81% for protein and
53% for carbohydrates) was obtained using 0.5 g·L−1 PS concentration at pH 8. Degradation kinetics
showed a good fit to the pseudo-first-order model (R2 > 95%) for both processes. The DBP formation
reductions observed with TiO2/UV—trihalomethane (THM) (85 to 86%) and chloral hydrate (CH) (94
to 96%)—were similar to the efficiencies observed for PS/UV—THM (87 to 89%) and CH (83 to 88%).
These results show the efficiency of UV-based technology for AOM degradation and the control of
DBP formation.

Keywords: algal organic matter; algae oxidation; natural organic matter; DBP control

1. Introduction

Algal blooms in drinking water supplies have been a significant challenge for water
treatment [1]. Global warming and high nutrient loads can intensify this phenomenon in
the future, making it a more serious problem [2]. Algal organic matter (AOM) is released
during algae growth through metabolic processes or cell lysis, and it is composed mainly
of carbohydrates and proteins [3]. AOM can impact directly the final water quality because
it is a major precursor of disinfection by-products (DBPs), such as trihalomethanes (THMs)
and chloral hydrates (CHs), during chlorination [4].

The typical processes used for drinking water treatment (conventionally coagulation–
flotation or sedimentation and sand filtration) are not efficient for AOM removal (less than
70%). For example, Henderson et al. (2010) [5] used coagulation with aluminum sulphate
and dissolved air flotation for AOM removal, finding efficiencies ranging 46 from 71%.
Sedimentation removal varied from 25 to 57% using typical coagulants, such as aluminum
sulfate and ferric chloride [6,7]. It is important to mention that these results were found in
the laboratory under optimal conditions that usually do not occur in real water matrices and
drinking water facilities. No information is available in the literature about AOM removal
via rapid sand filtration. Nevertheless, low removals are expected as dissolved organic
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carbon (DOC) removals ranging from 12 to 33% were reported in slow sand filtration in
water treatment facilities [8]. Thus, advanced treatments are needed for the removal of
residual AOM before the chlorination step to avoid DBP formation.

The implementation of pre-oxidation processes before the coagulation process can be
a suitable approach to improve AOM removal. Oxidizing agents like ozone (O3), chlorine,
or potassium permanganate (KMnO4) can break down complex organic molecules into
smaller, more easily coagulable fragments, thereby reducing the amount of coagulant
needed and increasing the coagulation efficiency [9,10]. Naceradska et al. (2017) [11] ob-
served that KMnO4 pre-oxidation (0.8–4.8 mg KMnO4·L−1) of Microcystis aeruginosa AOM
increased removal by 5–12%. Novotná et al. (2020) [12] applied O3 (0.05–4.0 mg·L−1) as the
pre-oxidation of the non-proteinaceous fraction of Chlorella vulgaris AOM and ozonation
increased the coagulation efficiency up to 7%. Furthermore, pre-oxidation can also improve
AOM adsorption when an activated carbon filter is applied downstream to the coagula-
tion [13]. Therefore, pre-oxidation stands out as a process that can be used to improve
AOM removal in water treatment.

The available literature about this topic was collected on Scopus using “algal organic
matter” and “oxidation” as the keywords (with the following Boolean descriptors: “algal
organic matter” AND “oxidation”). Afterwards, manual screening was conducted, con-
sidering two criteria for data selection: peer-reviewed articles with new data in English
and studies performed without microalgae cell presence. Then, 15 articles were selected
as references for the discussion. The oxidizing agents reported for AOM degradation
are ultraviolet (UV) [14,15], O3 [12,16], KMnO4 [11], potassium persulfate (PS), peroxy-
disulfate [17], hydrogen peroxide (H2O2) [18], and ferrate (Fe(VI)) [19]. The oxidation
processes showed low and moderate efficiencies for AOM removal (0–67%) from water,
and the results were reported in terms of the removal of dissolved (DOC) or total organic
carbon. UV-based oxidative processes are the most studied and applied at full-scale due
to the easily installation and operation of a UV unit with a disinfection efficiency for a
variety of microorganisms [20]. UV is not effective for AOM degradation when applied
alone [14,15] and is therefore usually used together with another oxidant. Different combi-
nations were reported in the literature, such as H2O2/UV [21], permonosulfate/UV [22],
UV/H2O2/O3 [23], O3/UV [24], Fenton [18], and photo-Fenton [18].

UV-based technology with PS and TiO2 is widely applied for the removal of microal-
gae cells, micropollutants, and natural organic matter from water [25,26]. TiO2 is the most
common photocatalyst because it is effective for a wide range of contaminants, environ-
mental safety, photochemical stability at a wide pH range, and is relatively cheap [27]. PS
is also a popular oxidant due to its benefits, such as cost effectiveness, stability during
transportation and storage, and generation of non-toxic by-products [28]. These oxidants
can be scaled up to accommodate varying treatment capacities, making them suitable for
both small-scale and large-scale applications. Despite the advantages mentioned, there
have been no studies published to date focusing on them for AOM degradation with
TiO2/UV and PS/UV. Based on this, this work investigated the AOM removal process from
Chlorella sorokiniana with TiO2/UV and PS/UV using protein and carbohydrate analysis.
The goals of this study were as follows: (1) to optimize these processes using response
surface methodology; (2) to assess the kinetics of AOM oxidation; and (3) to evaluate DBP
formation before and after oxidation.

2. Materials and Methods
2.1. AOM Extraction

Chlorella sorokiniana 211–8 k was obtained from Culture Collection of Algae and Proto-
zoa (Argyll, Scotland) and cultivated using the protocol described by Leite et al. (2021) [29].
The cells were harvested at the stationary growth phase, which occurred after seven days of
cultivation. The collected suspension was then centrifuged at 1500× g for 10 min), washed
twice with ultrapure water, and frozen at −20 ◦C for further processing.
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The AOM from Chlorella sorokiniana cells was extracted using the method described
by Leite et al. (2019) [30]. The process involved resuspending the cells in ultrapure water,
followed by two cycles of ultrasonication on ice. The resulting suspension was then
centrifuged at 1500× g for 10 min, and the supernatant was filtered through a 0.45 µm
membrane. The extracted AOM was stored at −20 ◦C until further analysis. The dissolved
organic carbon (DOC) content of the AOM was determined using a TOC-L analyzer
(Shimadzu, Kyoto, Japan).

2.2. Photocatalytic Oxidation Experiments

The performance of TiO2/UV and PS/UV for AOM removal was evaluated via protein
and carbohydrate analysis. Protein concentrations were measured using the Bradford
reagent (Sigma-Aldrich, St. Louis, MO, USA) at a wavelength of 595 nm. Bovine serum
albumin (Sigma-Aldrich, USA) was used as the standard reference. Total carbohydrate
content was quantified using the phenol-sulfuric acid method [31] at 488 nm. Glucose
(Qhemis, Jundiaí, Brazil) was used as a standard. Each analysis was performed in triplicate.

Test water was prepared by mixing ultrapure water with an AOM concentration
of 5 mg DOC·L−1, total alkalinity of 25 mg CaCO3·L−1 (utilizing 8.5 g Na2HCO3·L−1

solution). The pH was adjusted at pH 8. This composition reflects the typical water quality
usually found in the environment [6,29]. Despite the AOM being dosed by DOC, it was
not used as a parameter here because the PS amount used in the test can interfere with
its quantification.

The experiments were performed in a collimator device, which applied a low-pressure
mercury UV lamp (maximum 15 W) with a specific wavelength of 254 nm. The power
density of the UV dose used in this study was measured as 0.658 mW·cm−2. The 50 mL
test water was placed in a beaker (internal diameter of 6.7 cm, external diameter of 7.0 cm,
and height of 3.2 cm) which resulted in a sample layer of 1.5 cm. The lamp was turned on
10 min before the tests.

An appropriate amount of PS/TiO2 was added to the samples, and the beakers were
carefully placed inside the collimator device. Next, the samples were continuously mixed
at 80 rpm using a magnetic stirrer. A bulk solution of potassium persulfate (Sigma-Aldrich,
USA) was prepared in ultrapure water. TiO2 nanoparticles (Degussa P25®, Sigma-Aldrich,
USA) were previously dried at 100 ◦C for 1 h to eliminate the water. The characterization
of TiO2 nanoparticles used can be found in a previous study [27]. Then, samples were
collected at the end of each test and submitted to different processes before the protein
and carbohydrate analysis. Samples from TiO2 oxidation were filtered into 0.45 µm glass
microfiber membranes (Macherey-Nagel, Düren, Germany) to remove the nanoparticles.
Sodium thiosulfate solution (Synth, Diadema, Brazil) was added to the solution after the
PS/UV process at a mass ratio of 1.2:1 to neutralize residual PS. Preliminary tests were
carried out to ensure these processes did not affect the spectrometric quantification of
carbohydrates and proteins. Blank tests were performed with ultrapure water and test
water without oxidants to check their potential interference.

2.3. Response Surface Methodology

Response surface methodology was employed for the optimization of the PS/TiO2
concentration (0.1 to 0.5 g·L−1) and pH (6 to 10) on AOM degradation. These concentrations
were selected based on preliminary results. The pH range selected is often found in water
reservoirs [32]. Two variables (Table 1) were used and optimized using a central composite
design, based on a three-factor level (−1, 0, +1) with face-centered alpha (a = 1). The
experiment was carried out within 2 h, which represents a UV dose of 4.74 J·cm−2. The
data obtained were assessed by multiple regression and ANOVA using Minitab software
(version 18.1, Minitab LLC., State College, PA, USA).
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Table 1. The independent variables and their corresponding values for oxidation experiments.

Variables Units −1 0 1

pH - 6 8 10
PS or TiO2 g·L−1 0.1 0.3 0.5

2.4. Adsorption Tests

AOM adsorption with TiO2 nanoparticles was quantified by DOC, protein, and carbo-
hydrate analysis. The effect of pH (6, 8, and 10) was analyzed under continuous agitation
at 80 rpm with 0.5 g·L−1 TiO2 without UV light. After 2 h, samples were collected and
filtered through 0.45 µm glass microfiber membranes (Macherey-Nagel, Germany) for
nanoparticle removal.

The charges involved in the process were measured by zeta potential. The zeta
potential of AOM and TiO2 solutions over a wide pH range (2 to 11) was determined via
Zetasizer Nano-ZS (Malvern, Malvern, UK) at 25 ◦C.

2.5. Kinetics

The optimal conditions for the TiO2/UV and PS/UV processes for AOM degradation
were found at different times (0.25 to 2.5 h). The UV doses tested varied from 0.59 (0.25 h)
to 5.92 (2.5 h) J·cm−2. The results found were modelled using the pseudo-first-order model
(Equation (1)).

ln
(

C
Co

)
= −k × t (1)

where Co and Ct (mg·L−1) are the initial AOM concentration (5 mg DOC·L−1) and the
concentration at time t (min), respectively. k is the reaction rate (h−1).

Linear regression was used to assess the fit of the experimental data to the mathemati-
cal model (Equation (1)) using GraphPad Prism software (version 6.01, La Jolla, CA, USA).
Model adjustment was analyzed by the coefficient of determination (R2).

2.6. DBP Formation

The reduction in DBP formation was determined after the TiO2/UV and PS/UV
processes. Chlorination was performed according to a previous study [33]. Samples (10 mL)
were collected from previous experiments (Section 2.4) and placed in amber glass bottles.
Sodium hypochlorite (Sigma-Aldrich, USA) was added at a Cl2:DOC mass ratio of 5:1.
Then, the bottles were sealed and placed in a dark environment at a temperature of 20 ◦C.

After 7 days, free chlorine was quenched with ascorbic acid (Qhemis, Brazil) at a mass
ratio of 6:1. The samples were promptly extracted using MTBE as a solvent (Sigma-Aldrich,
USA). The concentrations of THM and CH were determined using gas chromatography
spectrometry (CG-2010 Shimadzu, Japan) using the standard USEPA 551 method [34]. A
mixed standard of EPA 501/601 Trihalomethanes Calibration Mix (Supelco, Sigma-Aldrich,
Saint Louis, MO, USA), and CH (Dinâmica, Indaiatuba, São Paulo, Brazil) were used for
the calibration method. Each condition was performed in duplicate.

Statistical analyses were carried out using GraphPad Prism software (version 6.01,
USA) with a significance level set at 0.05.

3. Results
3.1. Response Surface of TiO2

The effect of the TiO2 concentration (0.1 to 0.5 g·L−1) and pH (6 to 10) on AOM degra-
dation with TiO2/UV is shown in Figure 1. Removals varied from 27.1 to 57.4% for protein
(Figure 1a) and from 47.7 to 86.1% for carbohydrates (Figure 1b). The highest removals
for protein (57.4%) and carbohydrates (86.1%) were obtained using a TiO2 concentration
of 0.5 g·L−1 at pH 10, while the lowest removals for protein (27.1%) and carbohydrates
(47.7%) were found using a TiO2 concentration of 0.1 g·L−1 at pH 8.
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Figure 1. Removal (RE) of (a) protein and (b) carbohydrates from AOM with TiO2/UV using different
values of pH (6 to 10) and TiO2 concentration (0.1 to 0.5 g·L−1). The experiments were carried out for
2 h.

The ANOVA analysis indicated that the quadratic model was highly significant for
the removal of protein (F-value = 86.56, p = 0.002) and carbohydrates (F-value = 103.05,
p = 0.001). There was a close correlation between the experimental (R2 > 99.31%) and
predicted values (adj. R2 > 98.16%). The lack of fit was statistically insignificant (p > 0.05).
The second-degree polynomial equation generated by multiple regression analysis showed
the significance (p < 0.02) of linear (TiO2 and pH), interactive (pH × TiO2), and quadratic
(pH2) factors in predicting protein and carbohydrate oxidation from AOM with TiO2/UV.
Meanwhile, the quadratic (TiO2

2) terms were statistically insignificant (p > 0.05). The
final equations for the removal of protein (Equation (2)) and carbohydrates (Equation (3)),
expressed in terms of actual factor, are as follows:
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Protein removal (%) = 200.5 − 42.38 × pH + 14.2 × TiO2 + 5.67 × pH × TiO2 + 2.488 × (pH)2 (2)

Carbohydrate removal (%) = 212.7 − 48.34 × pH + 128.5 × TiO2 − 10.14 × pH × TiO2 + 3.380 × (pH)2 (3)

The TiO2 nanoparticles can also remove AOM via adsorption. To understand this
process, adsorption experiments were completed under the same operational conditions
without UV light (Figure 2a). The pH significantly influenced the adsorption of AOM
with TiO2 (Tukey test, p < 0.05). Furthermore, the adsorption efficiency decayed with the
increase in pH, for example, the highest adsorption occurred at pH 6 (4.6% carbohydrate,
13.8% protein, and 4.26% DOC removal), while the lowest was at pH 9 (negligible amount).
As can be observed, protein (0–13%) displayed more affinity to the TiO2 surface than
carbohydrates (0–4.6%).
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Figure 2. (a) AOM adsorption with TiO2 measured in terms of protein, carbohydrate, and DOC
removal. The experiments were completed under continuous agitation at 80 rpm for 2 h with 0.5 g·L−1

TiO2 without UV light. (b) Zeta potential measurements of AOM and TiO2 over pH range.

The charges involved in the process were determined over a wide pH range (Figure 2b).
ZP values of AOM did not show significant variation and remained negative across the
whole pH range, with the values ranging from −15.6 mV at pH 6 to −18.8 mV at pH 10,
while the TiO2 varied from 28.5 mV at pH 6 to −35 mV at pH 11. The ZP values found are
in agreement with those in the literature, in which the point of zero charge of TiO2 Degussa
P25 is approximately found at pH 6.3 [35]. These differences in ZP values may explain the
adsorption results (Figure 2a). The highest adsorption occurred at pH 6 when the TiO2 (+)
and AOM (−) were oppositely charged, while negligible adsorption happened at pH 10
when both were negatively charged. There may be an occurrence of repulsive electrostatic
interactions between the AOM and TiO2 at pH 10, hindering adsorption [29,32]. Li et al.
(2002) [25] also reported a low adsorption of humic acid (negatively charged) with TiO2 at
a basic pH value, which was justified by repulsive interactions.

In this study, it was found that AOM removal was higher at pH 10 than at pH 6
using the same TiO2 concentration. Domingos et al. (2009) [36] reported that maximum
TiO2 aggregation happens near the zero point of charge (pH~6.3), which reduces the mass
transport rate and surface area of the TiO2 available for adsorption/oxidation. Furthermore,
acidic conditions (i.e., less OH−) are less favorable for •OH formation via the oxidation of
OH−, reducing the attack efficiency of •OH on AOM [37]. These reasons justify the higher
efficiency of TiO2/UV at pH 10.

3.2. Response Surface of PS

The effect of the PS concentration (0.1 to 0.5 g·L−1) and pH (6 to 10) on AOM degra-
dation with PS/UV is shown in Figure 3. Removals varied from 32.9 to 81.2% for protein
(Figure 3a) and from 24.1 to 53.2% for carbohydrates (Figure 3b). The highest removals
for protein (81.2%) and carbohydrates (53.2%) were obtained using a PS concentration of
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0.5 g·L−1 at pH 8, while the lowest removals for protein (32.9%) and carbohydrates (24.1%)
were found using a PS concentration of 0.1 g·L−1 at pH 6.
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Figure 3. Removal (RE) of (a) protein and (b) carbohydrates from AOM with PS/UV using different
values of pH (6 to 10) and PS concentration (0.1 to 0.5 g·L−1). The experiments were carried out for
2 h.

The ANOVA analysis indicated that the quadratic model was highly significant for the
removal of protein (F-value = 25.20, p = 0.012) and carbohydrates (F-value = 24.37, p = 0.012).
There was a close correlation between the experimental (R2 > 97.60%) and predicted values
(adj. R2 > 93.59%). The lack of fit was statistically insignificant (p > 0.05). The second-degree
polynomial equation generated by multiple regression analysis showed the significance
(p < 0.02) of linear (PS and pH), interactive (pH × PS), and quadratic (pH2, PS2) factors in
predicting the protein and carbohydrate oxidation from AOM with PS/UV. Meanwhile,
the quadratic (PS2) term was statistically insignificant for carbohydrates (p > 0.05). The
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final equations for the removal of protein (Equation (4)) and carbohydrates (Equation (5)),
expressed in terms of actual factor, are as follows:

Protein removal (%) = −86.3 + 207.8 × PS + 24.6 × pH − 9.30 × pH × PS − 1.198 × (pH)2 − 9.3 × (PS)2 (4)

Carbohydrate removal (%) = −118 + 90.3 × PS + 35.27 × pH − 2.9 × pH × PS − 2.08 × (pH)2 (5)

In this study, it was found that AOM removal was higher at pH 8 than at pH 6 using
the same PS concentration. The •OH is the main free radical at a basic pH value, while the
SO4•− is the main species under acidic conditions [26]. This indicates that both species
contribute to the maximum efficiency at pH 8 because the efficiencies are lower at pH 10
when •OH is the predominant species.

3.3. Oxidation Mechanism

The degradation of proteins and carbohydrates is caused by the radicals formed
during TiO2 (•OH and •O2

−) and PS (•OH and SO4•−) activation using UV. The radicals,
mainly comprising •OH and SO4•−, attack the protein molecules, leading to the cleavage of
peptide bonds and the breakdown of amino acids [38]. This process includes the following:

Protein + •OH/SO4•− → peptide fragments (6)

Amino acids+•OH/SO4•− → smaller organic molecules +•OH/SO4•− → CO2 +H2O + NH4
+ + NO3

− (7)

The radicals also attack carbohydrates breaking the glycosidic bonds [39]. The steps
include the following:

Carbohydrate+•OH/SO4•− → monosaccharides (8)

Monosaccharides + •OH/SO4•− → organic acids + •OH/SO4•− → CO2 +H2O (9)

The intermediates, such as organic acids and smaller organic molecules, continue
to react with radicals until they are fully mineralized into carbon dioxide (CO2), water
(H2O), and other inorganic ions (e.g., nitrates, ammonium ions from proteins). AOM’s
composition is very complex, and more details of oxidation and their sub-products cannot
be provided.

3.4. Kinetics of AOM Degradation

The kinetics of AOM oxidation at different times were studied (Figure 4) using the
optimal (0.5 g·L−1 at pH 10 for TiO2/UV and 0.5 g·L−1 at pH 8 for PS/UV) and suboptimal
(0.1 g·L−1 at pH 8 for TiO2/UV and 0.1 g·L−1 at pH 6 for PS/UV) conditions. No significant
increase in AOM degradation was observed after 2.0 h. Residual protein ratios (C/C0)
at 2.5 h were 0.42–0.53 and 0.19–0.33 for TiO2/UV and PS/UV, respectively, while the
carbohydrate ratios were 0.18–0.28 and 0.51–0.56, respectively.

The kinetics of AOM degradation during photocatalytic oxidation adhere to a pseudo-
first-order equation (Figure 4). It is important to mention that this model neglects the
AOM amount adsorbed by TiO2 (Figure 1). Linear regression showed a great fit to the
equation (R2 > 0.95) for both processes. The reaction rate (k) for protein was 0.28–0.37
and 0.46–0.70 h−1 for TiO2/UV and PS/UV, respectively, while the carbohydrate rates
were 0.57–0.72 and 0.26–0.30 h−1, respectively. A higher k value represents a higher pro-
tein/carbohydrate oxidation rate. As can be observed, the pH and the type of photocatalytic
processes have significant effects on oxidation kinetics.

The PS/UV was more effective in removing protein (32.9–81.9% vs. 27.1–57.4%), while
the TiO2/UV was more effective for carbohydrate degradation (47.7–86.1% vs. 24.1–53.2%).
A reason for this cannot be provided once the AOM contains different types of protein and
carbohydrates with different characteristics (e.g., charge, functional groups, etc.) [40].
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3.5. Literature Comparison

The studies about AOM oxidation reported in the literature showed low and mod-
erate efficiencies (0–67%) quantified by dissolved (DOC) or total (TOC) organic carbon
analysis. The efficiencies follow the order of KMnO4 (7.5–26%) [11] > Fe(VI) (12–24%) [19]
> H2O2 (1.8–12.0%) [18] > peroxydisulfate (10.6%) [17] > O3 (0–7%) [12,16]. The effi-
ciencies increased when the two or more oxidants were applied together and follow the
order of H2O2/Fe(VI)/UV (67.0%) [18] > H2O2/UV (20–50%) [21] > O3/vacuum UV
(26.7–51.1%) [24] > O3/UV (19.9–35.6%) [24] > H2O2/Fe(VI) (29.8%) [18] > UV/H2O2/O3
(3.5–22.5%) [23] > permonosulfate/UV (12–20%) [22]. The listed orders are derived from the
results reported in multiple studies, rather than direct comparisons under identical experi-
mental conditions. A direct comparison of our results and the ones from the literature is not
possible because our results were reported in terms of protein and carbohydrate analysis.
It is important to mention that protein and carbohydrates are major groups in AOM and
were chosen because the sulfate from the PS/UV process can affect DOC quantification.

Based on this, UV-based technologies showed the highest removals (>50% DOC).
We also reported, for the first time, promising results for protein (81.9 vs. 57.4%) and
carbohydrate (53.2 vs. 86.1%) oxidation via PS/UV and TiO2/UV, respectively. Additional
research is needed to scale up both photocatalytic processes in water treatment, such as
optimizing the photocatalyst configuration (UV dose), adjusting operational parameters
(water flow, initial and residual oxidant concentration), configuring the immobilization
surface for TiO2, and designing efficient reactors. Pilot testing is essential to check these
parameters and ensure cost-effective and energy-efficient operation at larger scales. For
example, the applied UV dose (4.74–32 J·cm−2) significantly exceeds the common levels
used in disinfection units (0.02–0.2 J·cm−2) and the scale-up of these processes would
require an adjustment of the installations.

3.6. Impact on DBP Formation

The reduction in DBP formation was evaluated after the TiO2/UV and PS/UV pro-
cesses (Figure 5). Chloroform was the only THM species detected, once the bromide was
not present in the AOM solution. A significant DBP reduction was found for the two
photocatalytic processes (Tukey test, p < 0.05). The DBP formation reductions observed by
TiO2/UV—THM (84.9 to 85.6%) and CH (94.5 to 95.5%)—were similar to the efficiencies
observed for PS/UV—THM (87.3 to 89.1%) and CH (82.8 to 87.5%).
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No significant differences were observed for the THM reduction between the TiO2/UV
and PS/UV conditions (Tukey test, p < 0.05), while significant differences were found for
CH conditions between the TiO2/UV and PS/UV conditions (Tukey test, p < 0.05), except
for a comparison between the two TiO2 conditions (pH 8 and 10). These results indicate
that both photocatalytic processes were able to degrade the THM precursors despite the
difference in the oxidation efficiency. Ma et al. (2022) [41] identified protein (88.1%) as the
main precursor of chloroform formation from the intracellular organic matter chlorination
of Microcystic aeruginosa. Considering that the PS/UV was more effective in removing
protein (67–81% vs. 47–58%), it may explain how the reductions are close between the
TiO2/UV and PS/UV processes.

The reductions in THM formation found here for TiO2/UV and PS/UV are in agree-
ment with the results in the literature for AOM degradation by photocatalytic processes.
Our previous study found a reduction of 83.4% for AOM degradation of C. sorokiniana by
photo-Fenton [18]. However, the results are higher than the ones obtained using only UV.
Chen et al. (2018) [14] decreased THM formation by 43.3–46% after the UV degradation
(1.0 J·cm−2) of M. aeruginosa AOM. On the other hand, Visentin et al. (2020) [15] found that
THM formation increased by 15–20% after vacuum UV treatment (0.35 J·cm−2) of water
from three Canadian lakes impacted by cyanobacterial blooms. These results endorse the
need to use oxidants together with UV treatment to reach better results.

There is no available literature on the reduction in CH by AOM oxidation. CH is an
intermediate by-product, capable of decomposing into chloroform and trichloroacetic acid
under some experiment conditions [42]. Thus, the analysis of CH degradation was difficult
to conduct due to the trichloroacetic acid not being quantified in this study.

4. Conclusions

This work investigated AOM oxidation via TiO2/UV and PS/UV. The effect of oxidant
concentration (0.1 to 0.5 g·L−1) and pH (6 to 10) on AOM degradation was evaluated using
response surface methodology. In general, PS/UV was more effective for removing protein,
while TiO2/UV was more effective for carbohydrate degradation. TiO2/UV removals
varied from 27 to 57% for protein and from 48 to 86% for carbohydrates. The optimal
condition (57% for protein and 86% for carbohydrates) was obtained using a 0.5 g·L−1 TiO2
concentration at pH 10. PS/UV removals varied from 33 to 81% for protein and from 24 to
53% for carbohydrates. The optimal condition (81% for protein and 53% for carbohydrates)
was obtained using a 0.5 g·L−1 PS concentration at pH 8. Degradation kinetics showed a
good fit to the pseudo-first-order model (R2 > 95%) for both processes. The DBP formation
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reductions observed via TiO2/UV—THM (85 to 86%) and CH (94 to 96%)—were similar
to the efficiencies observed for PS/UV—THM (87 to 89%) and CH (83 to 88%). These
results show the efficiency of UV-based technology for AOM degradation and the control
of DBP formation.
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