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process at natural pH. This process was proposed to investigate its
performance on removing a mixture of agrochemicals (propiconazole,
imidacloprid and diuron) from pineapple processing wastewater to
obtain a suitable effluent to be reused in the agricultural sector. Luxembourg, Esch-sur-Alzette, Luxembourg

1. Irene Salmeron Garcia “**', University of

. . . . . Any reports and responses or comments on the
Methods: Experiments were carried out in a solar simulator with a yrep P

stirred cylindric photoreactor, with a volume of 150 mL and controlled  article can be found at the end of the article.
temperature (20°C). The first set of experiments was carried out with
ultrapure water to determine optimal iron and H,0, concentrations.
The second was performed with simulated wastewater of pineapple
processing.

Results: The optimized operational conditions for both iron
complexes were 10 mg L1 of Fe (III) and 25 mg L' of H,0,, since
more than 80% of micropollutants (MP) (at an initial concentration of 1
mg L1 of each compound) were removed in only 20 min with both
DTPA-Fe and EDDS-Fe. The effect of organic matter and inorganic salts
on radicals scavenging and chelates stability was also investigated in
the experiments performed with synthetic pineapple processing
wastewater. The results disclosed differences depending on the iron
complex. Nitrites were the principal component influencing the tests
carried out with EDDS-Fe. While carbonates at low concentration only
significantly affected the experiments performed with DTPA-Fe, they
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were the major influence on the MPs removal efficiency decrease. In
contrast, the presence of Ca2* and Mg2* only influence on this last
one. Finally, the results of phytotoxicity disclosed the suitability of
treated effluent to be reused in the agricultural sector.

Conclusions: This work demonstrated that solar powered photo-
Fenton catalysed by iron fertilizer EDDS is a suitable technology for
depolluting water streams coming from pineapple processing plants
at circumneutral pH, and its subsequent reuse for crop irrigation.

Keywords
Organic fertilizers, Pineapple wastewater, Solar-based process,
Wastewater treatment
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Plain language summary

Some of the main water uses and waste generation points
associated with the pineapple industry include the washing
steps for raw produce. Wastewater characteristics are the wide
wastewater volume and the significant concentration of
agrochemicals. Solar-driven photo-Fenton process is considered
one of the most effective treatments for the removal of organic
contaminants, like pesticides, from wastewaters. However, the
low pH required to support the Fenton reaction (optimum pH
of 2.8) represents an important limitation for its application to
different nearly neutral effluents. To overcome the narrow pH
operation range, chelating agents have been employed to keep
iron complexed, thus preventing its precipitation. Several of
these organic chelating agents are approved by the European
Commission (2003) to be used as fertilizers. This work studied
the use of the organic fertilizers DTPA-Fe and EDDS-Fe as
iron chelates for solar-driven photo-Fenton process at natu-
ral pH. This process was proposed to investigate its perform-
ance on removing a mixture of agrochemicals (propiconazole,
imidacloprid and diuron) from simulated pineapple process-
ing wastewater to obtain an effluent suitable for reuse in the
agricultural sector.

Introduction

Worldwide agricultural production is dependent on the
use of agrochemicals to support human population needs
(Carvalho, 2006). Despite the benefits derived from the use of
pesticides at agricultural level, several adverse consequences,
mostly related to environmental contamination, are linked to
this practice (Aktar et al., 2009).

Pineapple represents a major crop in Costa Rica; its produc-
tion covers an area of 58,442 Ha (by 2015), mostly distributed
in the lowlands of the northern and Caribbean regions, as well
as in the south Pacific coast of the country (Brenes-Alfaro et al.,
2021; MINAE, 2015). Moreover, Costa Rica is the largest
exporter of fresh pineapple worldwide, with a production esti-
mated to account for 1.7% of the GDP of the country (Chen et al.,
2020). However, concern has been raised around the impacts of
pineapple production, particularly regarding the large amount
of plant waste produced and the hazard due to pesticide use
(Chen et al., 2020; Echeverria-Sdenz et al., 2012). Recent
monitoring (2015-2018) of surface water and groundwater
in areas of pineapple production influence in Costa Rica
revealed the occurrence of 28 different pesticides, including
herbicides (ametryn, bromacil, diuron, hexazinone, prometryn,
paraquat), fungicides (carbendazim, metalaxyl, myclobutanil,
paclobutrazol, procloraz, propiconazole, thiabendazole, triadimefon,
triadimenol), and insecticides (carbofuran, carbaryl, cyromazine,
chlorpyrifos, dichlorvos, diazinon, dimethoate, ethoprophos,
imidacloprid, malathion, methoxyfenozide, oxamyl, imazalil,
imidacloprid) (unpublished data, Research Center of Environmental
Contamination, CICA, Universidad de Costa Rica); of these
agrochemicals, 16 are indeed approved for application on
pineapple crops, while for instance, bromacil was completely
banned in Costa Rica in 2017 (decreet N° 40423-MAG-MINAE-S;
La Gaceta, 2017) due to its systematic detection during the
monitoring, particularly in groundwater.
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Among these pesticides, diuron, imidacloprid and propiconazole
have been frequently detected in the monitoring; moreover,
diuron and propiconazole were also found in sediments, while
imidacloprid was also detected in groundwater (unpublished
data, Research Center of Environmental Contamination, CICA,
Universidad de Costa Rica). These three pesticides are also
simultaneously approved for use in other crops, including
banana and plantain, not only in Costa Rica (SFE, 2022)
but also at other latitudes, such as in Bolivia (Bickel, 2018).
Diuron is a phenylurea pre-emergence herbicide, considered as
persistent in soil due to its high DT50 of 147-229 d (Lewis et al.,
2016). Its ecotoxicity is considered as moderate to typical
taxa (birds, fish, daphnids, bees and earthworms), both
at acute and chronic levels; specific effects on non-target
communities are reviewed by Giacomazzi and Cochet (2004).
Imidacloprid is a neonicotinoid insecticide, known to adversely
affect pollinator communities; for this reason, it was banned
in the European Union in 2018 for use in crops pollinated
by bees (Declan, 2018); nonetheless, this compound is still
extensively used elsewhere. It is a persistent compound, with a
soil DT50 of 174-91 d; besides, its acute contact and oral
toxicity towards bees, and ecotoxicity towards birds is also
described as high (Lewis er al, 2016). On the other hand,
propiconazole is a triazole fungicide; as most triazoles, this is
a moderate to persistent pesticide, with a soil DT50 of 35-72 d
(Lewis et al., 2016). High ecotoxicity of this compound has
been described at chronic level in fish.

Advanced oxidation processes (AOPs) are regarded as attrac-
tive options for the treatment of on-farm pesticide-containing
wastewater, as most organic micropollutants (MPs) are prone
to attack by hydroxyl radicals (HOe). Among AOPs, the Fenton,
and in particular the photo-Fenton process, has been described
as effective for the removal of diverse pesticides, including
azoxystrobin, bentazone, chlortoluron, carbofuran, cyprodinil,
diazinon, dimethoate, endosulfan, formetanate, fludioxonil,
hexaconazole, imidacloprid, kresoxim-methyl, luferunon,
methamidophos, methomyl, oxamyl, pirimicarb, propamocarb,
propyzamide pyrimethanil, tebuconazole and triadimenol, among
others (Abdessalem ef al., 2010; Fallmann er al., 1999; Navarro
et al, 2011; Tamimi et al, 2008; Zekkaoui et al,
2021). Nonetheless, the low pH required to support the
Fenton reaction (optimum pH of 2.8) represents an important
limitation for its application to different nearly-neutral effluents;
this drawback, along with the significant iron sludge-related
secondary pollution, decreases the appeal of the process for
full-scale application (Oller & Malato, 2021). To overcome
the narrow pH operation range, and work at the pre-existent pH
of polluted effluents (near neutrality in many cases), chelat-
ing agents have been employed in order to keep iron complexed,
thus preventing its precipitation at a wider pH range (Gongalves
et al., 2020). Among these chelating agents, polycarboxy-
lates such as citrate and oxalate, and aminopolycarboxylic acids
such as EDTA (ethylenediaminetetraacetic acid), and more
recently EDDS (ethylenediamine-N,N’-disuccinic acid), EDDHA
(ethylenediamine-N,N'-bis(2-hydroxyphenylacetic  acid)) and
DTPA (diethylene triamine pentaacetic acid) have been
employed in photo-Fenton processes at non-acidic conditions for
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the removal of micropollutants, including pharmaceuticals or
pesticides (Gongalves et al., 2020; Lopez-Vinent et al., 2021a;
Lumbaque er al., 2019; Papoutsakis er al., 2015; Soriano-Molina
et al., 2018) or even for microbial inactivation (Nahim-Granados
etal.,2019).

Several of these organic chelating agents are approved by
the European Commission (2003) to be used as fertilizers, as
their-ferric chelates can be applied as iron sources to crops
for enzymatic and chlorophyl production purposes. Therefore,
their use in the treatment of pesticide-containing wastewa-
ter of agricultural origin could result in the production of safe
treated water for irrigation with no need for chelate separation
(Lopez-Vinent et al., 2020). Among these compounds, EDDS
is a structural isomer of EDTA; however, as it exhibits higher
biodegradability, it is considered as an environmentally safe
alternative to EDTA (Wu et al., 2014). Due to its low stability
constant with iron, its use in photo-Fenton reactions is expected
to result in high initial removal rates, but also, adversely,
in rapid iron precipitation which might hinder its global effi-
ciency (Loépez-Vinent et al, 2021a). Conversely, DTPA,
another authorized fertilizer, is known to produce highly stable
DTPA-iron complexes compared to other organic chelating
agents (including EDDS), which translates into slower
removal rates, but also in lower residual iron precipitation after
treatment (Lopez-Vinent et al., 2020).

Hence, the goal of this work was to compare the effect of two
chelating agents used as fertilizers, DTPA and EDDS, on the
simultaneous removal of diuron, imidacloprid and propiconazole
from synthetic wastewater, by a solar-driven photo-Fenton
process, as an eco-friendly solution to produce reusable water
for on-farm irrigation. The proposed strategy represents a green
option treatment, given that: i. it relies on solar light and the
use of hydrogen peroxide, a cheap and ‘“clean” reagent that
is transformed into water and molecular oxygen; ii. it permits
the treatment of pesticide-containing effluents at normal
near-neutral pH, that is, the acidification of a regular homogeneous
Fenton is not required; and iii. the residual chelating agents
have fertilizer properties and may enhance farm production after
treated water is reused in irrigation.

Methods

Chemicals

Imidacloprid (IMID), diuron (DIU), propiconazole (PROP),
EDDS-Na solution and catalase from bovine liver were
acquired from Sigma-Aldrich. Iron chloride (FeCl,-6H,0),
hydrogen peroxide (H,0,, 30% w/v), acetonitrile and ortopos-
phoric acid were purcheased from Panreac Quimica. DTPA-Fe
(containing 7% of iron) was bought from Phygenera, (Germany).

Water samples

The first set of experiments was carried out with ultrapure water
to determine the effective concentrations of iron and H,O,.
The second one was performed with synthetic wastewater of
pineapple processing water. The constituents of this water were:
CaCl, (7.7 mg L"); MgSO, (4.8 mg L"); FeSO, (1.0 mg L"),
NaNO, (25.8 mg L'); Na,CO, (30.2 mg L"'); Humic acids
(2.0 mg L.
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Experimental procedure

All experiments were carried out in a solar simulator
(Xenonterm-1500RF.CCI) equipped with a Xenon lamp (1.5 kW)
(wavelength range: 290400 nm). The average intensity of
incident light was measured with a spectrometer StellarNet
Blue-Wave and set to 10 W m? for all the experiments. The
cylindric photoreactor (4.5 cm height x 9 cm diameter) was
located on a magnetic stirrer in the solar simulator. The total
volume of each experiment was 150 mL, and the tests were
performed at controlled temperature in the solar simulator
chamber (20°C). The evaporation was measured during the
entire experiment resulting in less than 1% of the total volume.
More information about the experimental set-up can be found in
Figure 1.

To prepare the dissolution with the iron chelate DTPA-Fe,
an appropriate amount of it was added to Milli-Q water. The
concentrations were calculated according to the percentage of
iron content (7%) in order to obtain concentrations of 2.5, 5 and
10 mg L' of iron in solution. The molar ratio of DTPA:Fe was
1.5:1. In the mixture with EDDS, which was not acquired as
iron chelate, the same molar ratio than DTPA:Fe was selected.
In this case, the EDDS was firstly added to the solution and then
the iron, to ensure a good chelation and avoid iron precipitation.
The obtained solution was then added in appropriate amounts
to Milli-Q water in order to obtain the defined iron concentra-
tions (i.e. 2.5, 5, 10 mg L"). IMID, DIU and PROP were spiked
to the solution to obtain a concentration of 1 mg L' of each
compound (totalizing 3 mg L"'). Finally, hydrogen peroxide
(50 mg L") was added in appropriate concentrations (15, 25 and
50 mg L) in order to begin the reaction. Samples of 1 mL were
retired periodically from the reactor during 60 min and liver
bovine catalase was employed to stop the reaction (10 pL of
liver bovine catalase at a concentration of 200 mg L' to 1 mL
of each sample). The samples to analyze the total iron content
(i.e. one at the beginning and one at the end of the reaction)
were filtered with 0.22 pm PVDF filter to ensure a good read
of soluble (chelated and not) iron. Finally, ascorbic acid was
added to the sample to have the total soluble iron.

Figure 1. Experimental setup. (1) Thermostatic bath; (2) Solar
simulator chamber; (3) Photoreactor; (4) Xenon lamp; (5) Magnetic
stirrer.
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Analytical techniques

The concentration of the three pesticides (IMID, DIU and PROP)
was determined by high performance liquid chromatography
(HPLC Infinity Series, Agilent Technologies), using a C-18
Tecknokroma column (250 x 4.6 mm i. d; 5 um particle size).
The HPLC mobile phases A and D were water acidified with
orthophosphoric acid (pH = 3) and acetonitrile, respectively.
The mobile phase eluent gradient started with 45% eluent D
for 5 min, followed by a 1-min linear gradient to 60% D. This
condition (60% D) was kept for 16 min, followed by a 1-min
gradient back to 45% D, maintained for 5 min. The flow rate
was 1 mL min' and the injection volume was set to 100 pL.
Three wavelengths were fixed according to the absorbance of
each compound: 200, 247 and 270 nm for PROP, DIU and IMID,
respectively. The monitoring of H,0, and total iron in solu-
tion were performed by colorimetric method of metavanadate
(Pupo Nogueira et al., 2005) and o-phenanthroline procedure
(ISO 6332), respectively. To determine the phytotoxicity, the
methodology proposed by Tam and Tiquia (Tam & Tiquia, 1994)
was followed using seeds of Eruca sativa.

Results and discussion

Determination of effective H,0, and Fe(III)
concentrations

The optimal conditions for simultaneous abatement of the
three target micropollutants (IMID, DIU and PROP) by neutral
photo-Fenton process was studied by performing such a process
at different initial concentrations of Fe and H,0,, and with two
Fe-chelating agents (DTPA and EDDS). The pH of the solution
was between 5.5-6.5 during the entire experiment and the
tests were carried out in ultrapure water. The results are shown
in Figure 2 and Figure 4, for DTPA and EDDS, respectively.
Additionally, Figure 3 and Figure 5 gather the observed
pseudo-first order kinetics for each experiment. The photolysis
was also studied for the three micropollutants. The removal
results of that test at the end of the experiment (60 min) were:
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4.8, 5.1 and 6.1% for IMID, DIU and PROP, respectively. All
experiments were performed in triplicate.

From the results displayed in Figure 2 a-c, it can be observed
that the worst removals were observed with the lowest Fe
concentration (2.5 mg L'). With this test, total MP removal at the
end of the treatment was not achieved. The best removal
rate was seen on DIU, of which about 90% were removed at
60 min. The best MP degradations for three MPs were achieved
by the highest iron dose (10 mg L'). For instance, DIU was
degraded 99% in only 20 min. These two experiments were
performed with the same H,O, concentration, so, the results
revealed the importance of the iron concentration to achieve
fast kinetics of MPs removal. For example, in the case of DIU,
the removal kinetic (kl, see Figure 3a) was 5.7 times higher
using 10 than 2.5 mg L' of iron.

Regarding the experiments performed with the same concen-
tration of iron (5 mg L) but different H,O, concentrations, it
could be observed in Figure 2 a—c, that the best condition was
with 50 mg L"' of H,O,, which was the highest one. Never-
theless, the differences in MPs removal between the three
experiments were lower than the tests aforementioned (same
H,O,, different iron concentration). The greatest difference was
observed in the removal of IMID. About 90% of IMID degra-
dation was obtained at 60 min for the conditions with low H,O,
concentration (5 mg L' of Fe and 15 mg L' of H,0,), against
99% with high H,0, dose (5 mg L' of Fe and 50 mg L' of H,0,);
however, IMID degraded just 1.2 times faster (see Figure 3a,
k1) than in the experiment with the lowest H,O, concentration.
These results evidenced again the importance of the iron
concentration in the photo-Fenton experiments, since by increas-
ing the H,O, concentration 3.3 times, the kinetic rate only
was 1.2 times higher. However, increasing the iron concentration
four times, the kinetic rate increased 5.7 times. The results
are in accordance with the study performed by Ldpez-Vinent
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Figure 2. Simultaneous removal of a) imidacloprid (IMID), b) diuron (DIU) and c) propiconazole (PROP) by photo-Fenton process with
different initial concentrations of Fe (Ill) and H,0O, using DTPA as an iron chelate. [IMID] =[DIU] =[PROPI] =1 mg L.
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Figure 4. Simultaneous removal of a) imidacloprid (IMID), b) diuron (DIU) and ¢) propiconazole (PROP) by photo-Fenton process with
different initial concentrations of Fe (Ill) and H,0O, using EDDS as an iron chelate. [IMID] =[DIU] =[PROPI] =1 mg L".

and co-authors (L6pez-Vinent et al, 2019). In that work, by
increasing the iron concentration four times, total MP removal
was achieved at 20 min while only 60% removal was obtained
with the low iron concentration. Nevertheless, with the same
iron dose but increasing the H,O, concentration six times, similar
removal rates were seen at the end of the treatment.

Concerning the differences in MP removal, it can be observed
that IMID presented the lowest removal rates in all conditions.

The best degradations were achieved for DIU. For instance,
observing the experiment (Figure 2a-c) performed with 5 mg L
of Fe and 15 mg L' of H,O,, it could be noted that at 30 min
78% of IMID was eliminated, while 94% and 90% was
obtained for DIU and PROP. The results obtained for DIU are in
accordance with its kinetic constant with hydroxyl radical
(4.75 x 10° M! s1) (Oturan et al., 2011), which is the highest
one. Nevertheless, PROP presents the lowest kinetic constant
(3.3 x 10° M! s) (Hong et al., 2022) but the removal was similar
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Figure 5. Pseudo-first order kinetic of different experimental conditions using EDDS-Fe iron complex. a) k, is the kinetic constant

atinitial times (0-15 min) and b) k, is the kinetic from 15-60 min.

to DIU. That fact could evidence the potential generation of
other reactive oxygen species (ROS) apart from the forma-
tion of hydroxyl radicals, since the photolysis was similar for
three MPs. On the other hand, IMID had a kinetic constant of
4.30 x 10° M 57! (Zaror et al., 2010) but, as aforementioned, the
lowest removals.

All these experiments were also performed using EDDS as an
iron chelate. From several investigations it was revealed the dif-
ferences on MPs removal using different iron complexes like
EDDS, DTPA, HEDTA, EDDHA (Lépez-Vinent et al., 2021a;
Nahim-Granados et al., 2019). From the study of Lépez-Vinent
and coworkers (Lopez-Vinent e al., 2021a) it was revealed that
the removal kinetics are linked to the stability of the chelating
agent with iron. For this reason, in this work two iron chelates
were tested since they present different stability with iron
(k,, DTPA-Fe(lll)= 28.60 and k , EDDS-Fe(ll)= 22.0)
(Lopez-Vinent et al., 2021a) The results are displayed in
Figure 3a-c.

As can be observed in Figure 4a-c, a similar trend was seen
using EDDS and DTPA for experiments using different iron
concentrations but equal H,O, doses. Observing Figure 3a
(which corresponds to the removal of IMID), since it is the one
that presents the highest differences between the experiments,
the test using the lowest iron concentration (2.5 mg L) achieved
lower IMID removal than the experiment using 10 mg L
of Fe. However, in that case the kinetic (see Figure 5a, k1) was
only 1.4 times higher with 10 mg L™ than 2.5 mg L' of Fe. Thus,

the improvement on MP removal with increased iron concentra-
tion was lower using EDDS than DTPA, with the increment
being 5.7 times higher with 10 mg L"! than 2.5 mg L"! of iron.

In general, the differences between experimental condi-
tions with EDDS were very low, being practically equal in the
removal of PROP and DIU. This fact could be related to the high
degradation kinetics during the first 15 min of the reaction. Curi-
ously, after these 15 min, a plateau of the curve was observed
in the removal of IMID and PROP. In almost all cases, total
DIU was removed at 15 min. The plateauing degradation
could be related to the high consumption of H,O, in the first
20 min. Between 50-80% of the total H,O, was consumed at
that time, leading to a limiting step in the oxidation and
decreasing the generation of hydroxyl radicals.

From the results displayed in Figure 2-Figure 5, it can be
observed that the experiments carried out with EDDS, the
observed kinetics at initial times (k1) were always higher than
the experiments using DTPA. For instance, IMID was degraded
at about 80% in only 15 minutes with EDDS using 2.5 mg L
of Fe and 25 mg L' of H,0,; however, while employing the
same conditions, less than 30% was degraded using DTPA.
The same results were obtained in diverse studies performed
by Lopez-Vinent and colleagues (Lopez-Vinent et al., 2020;
Lépez-Vinent et al, 2021a; Lépez-Vinent et al, 2021b).
These differences could be related to the consumption
of H,0,, which always was higher in the experiments performed

with EDDS than DTPA. The results are displayed in Figure 6.
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Figure 6. H,0, consumption and total iron precipitation in the experiments performed with a) DTPA-Fe b) EDDS-Fe in photo-Fenton
process with different initial concentrations of Fe (III) and H,0, [IMID] =[DIU] =[PROPI] = 1 mg L.

The high H,O, consumption leads to the high production of
hydroxyl radicals and subsequent oxidation of MPs. This fact
is also related to the stability of chelating agents with iron
(II). DTPA presents a higher stability constant with iron than
EDDS. Lower stability allows a high reaction between iron and
H,O,, increasing the hydroxyl radical production. However,
because of that, the iron precipitation was higher in the experi-
ments performed with EDDS-Fe. The low stability of EDDS
with iron allowed high MP removal rates in a few minutes and
it diminished the requirement of high doses of iron and H,O,.
Nevertheless, the higher iron precipitation with EDDS than
DTPA caused the formation of oxohydroxides, which are not
soluble and less photoactive than dissolved iron. This decreased
the efficiency of the treatment, leading to an almost-plateau
curve from the 15-minute mark until the end of the treatment,
not reaching total MP removal overall in IMID and PROP.

Finally, concerning the differences in the removal kinetic in the
first 15 min of the experiments performed with EDDS-Fe and
DTPA-Fe, a previous study (Lépez-Vinent et al., 2022) revealed
the role of sunlight in the photoexcitation of iron complexes
to generate additional ROS without H,O, in the treatment.
Further studies should be performed to confirm the extension
of this contribution on the MP removal kinetics observed by
DTPA-Fe and EDDS-Fe.

Influence of components contained in pineapple
washing wastewater

As observed in the previous section, iron complexes present dif-
ferent efficiencies in MP removal, which islinked to the con-
stant stability of each chelating agent with iron. It was revealed

that EDDS-Fe presented higher kinetics in MPs degrada-
tion than DTPA-Fe, but also showed higher iron precipitation.
This fact decreases the efficiency of the process due to the low
photocatalytic activity. Additionally, its effect could be more
noticeable in a complex matrix. For instance, Ld6pez-Vinent
and coworkers (Lopez-Vinent et al, 2021b) investigated
the effect of the matrix on iron precipitation and subsequent
decrease in MP removal efficiency. In that work it was revealed
that the iron precipitation was 1.8 times higher in a complex
matrix than another one with low dissolved organic carbon
(DOC) and alkalinity. Additionally, the organic matter and
alkalinity present in the matrix also compete for hydroxyl
radicals, decreasing the efficiency of the MP removal process.

For these reasons, in this work, experiments with synthetic
wastewater simulating the pineapple processing wastewater
were carried out with both iron complexes, EDDS-Fe and
DTPA-Fe using 10 mg L of Fe(Ill) and 25 mg L' of H,O,. The
properties of synthetic wastewater were reported in the Methods
section. Moreover, experiments testing components separately
in deionized water or removing some components of synthetic
water, were also performed in order to investigate the effect of
each component on the MPs efficiency decrease. The results
of MPs removal are displayed in Figure 7 and Figure 8, for
DTPA-Fe and EDDS-Fe, respectively. Additionally, total iron
precipitation and H,O, consumption are shown in Figure 9.

The removal rates found in synthetic water were <5% with
DTPA and between 25-45% with EDDS, and both were much
lower than with deionized water (>95% for both chelates) for
the three MPs (Figure 7 and Figure 8), evidencing the hindering
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Figure 7. Influence of the different components contained in pineapple processing wastewater in the simultaneous removal of a)imidacloprid
(IMID), b) diuron (DIU) and ¢) propiconazole (PROP) by photo-Fenton process using DTPA as an iron chelate. [IMID] =[DIU] =[PROPI] =

1 mg L7, [Fe(ll)]= 10 mg L, [H,0,]= 25 mg L.
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Figure 8. Influence of the different components contained in pineapple processing wastewater in the simultaneous removal of @) imidacloprid
(IMID), b) diuron (DIU) and ¢) propiconazole (PROP) by photo-Fenton process using EDDS as aniron chelate. [IMID] =[DIU] =[PROPI] = 1mg L™,

[Fe(Il)]= 10 mg L™; [H,0,]= 25 mg L.

effect of a complex matrix (synthetic water) and the different
effect of both chelates on the treatment efficiency. Regarding
the experiments removing some of the constituents of
synthetic water, the highest removal rates were achieved with
deionized water with Ca* and Mg* using EDDS (more than
90% in only 30 min). These removal rates were similar to
deionized water, which indicates that Ca* and Mg>* did not
significantly hinder the treatment efficiency of the photo-Fenton

process using EDDS. The experiments performed with DTPA
were quite different. Although the tests carried out in deionized
water with Ca?* and Mg* achieved the best removal rates com-
pared to other experiments, the degradations were not equal to
tests without any constituent (in deionized water). For instance,
in 20 min, only 65% of PROP was removed in the presence of
Ca> and Mg*" while more than 90% removal was observed in
deionized water.
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Figure 9. H,O, consumption and total iron precipitation in the experiments performed with a) DTPA-Fe b) EDDS-Fe in photo-Fenton
process with synthetic pineapple processing wastewater. [IMID] =[DIU] =[PROPI] = 1 mg L"; [Fe(Il)]= 10 mg L"; [H,0,]= 25 mg L.

Removing nitrites from the synthetic water improved the effi-
ciency of the treatment with both chelates, although at lower
rates for DTPA (removal rates were 20-25% and >90% for
DTPA and EDDS, respectively, compared to <5% for DTPA
and 25-45% for EDDS both with synthetic water). Thus, the
efficiency of the treatment when removing nitrites was improved
further to 20-45% for DTPA, maintaining high rates (>90%)
for EDDS. However, removing only humic acids from the
synthetic water did not seem to affect the efficiency of the
treatment (removal rates without humic acids were <5% and
20-40% for DTPA and EDDS, respectively). These results
indicate that nitrites had a hindering effect on the efficiency of
the treatment which is potentiated in the presence of humic acids.

With regards to the different effects of both chelates, we found
that removal of MPs was higher with EDDS than with DTPA
(Figure 7 and Figure 8). This difference can be related to the
higher consumption of H,0, with EDDS than DTPA (Figure 9)
which has been previously discussed (Determination of effec-
tive H202 and Fe(lll) concentrations section). Briefly, the
lower stability of EDDS with iron enables a faster/greater pro-
duction of hydroxyl radicals, increasing removal rates for
the MPs. This would have allowed overcoming the hinder-
ing effect observed for some of the synthetic water constituents
with DTPA (i.e. synthetic water, nitrites and nitrites potenti-
ated with humic acids, see previous paragraphs). However,
we also found that iron was still dissolved and H,O, has not
been completely consumed at the end of the experiments with
DTPA (Figure 9). Since MPs exhibited declining trends until the

end of the experiments with DTPA, it is likely that the photo-
Fenton reaction would have continued after the experiment.
This has been observed by Lopez Vinent er al. (2021a), who
found that declining of propranolol hydrochloride, acetamiprid
and sulfamethoxazole were slower with DTPA than with EDDS,
but the dissolved iron and remaining H,O, with DTPA allowed
the reaction to continue until reaching same/higher removal
rates than EDDS. Further experiments are required to con-
firm whether the trends we found with DTPA would allow the
reaction to continue.

We also found that the removal rates with deionized water with
only carbonates, at a higher concentration (150 mg L) than
in synthetic water, were between 0 and 4% for both chelates,
being even lower than with synthetic water. Such low removal
rates may be associated to the alkaline pH (i.e. we found pH
values >10) resulting from dissolving carbonates, but also to
the carbonate anions themselves. High pH values could have
produced the dissociation of Fe (III) from the chelates, which
is in line with the total iron precipitation we found with DTPA
for water with carbonates (Figure 9). Carbonate anions have
been shown to interact with iron, generating less reactive spe-
cies and severely limiting the Fenton process (Vallés er al.,
2021). Whichever the mechanism, the effect from carbon-
ates at low concentration (30 mg L) seemed to disappear in
presence of the other constituents of synthetic water using
EDDS. But in experiments carried out with DTPA, the nega-
tive effect was also observed even at a low concentration of
carbonates, since in the tests performed in synthetic water
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without nitrites and carbonates, the removal rates were lower
than experiments in deionized water. Thus, based on our results,
nitrites should be removed from pineapple water before the
photo-Fenton process using EDDS in order to efficiently reduce
the studied MPs.

Finally, phytotoxicity using seeds of E. sativa was also evalu-
ated in the experiments performed with synthetic water and
synthetic water without nitrites and humic acids, to assess the
suitability of the effluent to be reused in irrigation. The results
are displayed in Figure 10.

As can be observed in Figure 10, the germination index (GI)
before the treatment (t=0) was about 65-70% in the samples with
DTPA. Using EDDS, the germination index was quite lower
(about 50%). However, no significant injury to the plant was
observed according to Zucconi and coworkers (Zucconi et al.,
1981a; Zucconi et al., 1981b) in both cases. Zucconi et al.
proposed different phytotoxicity categories depending on the
inhibition percentage of the GI

- Inhibition of seed germination and root elongation:
<20% GI.

- Presence of phytotoxicity: 20-50% GI.

Open Research Europe 2022, 2:105 Last updated: 19 OCT 2022

- No significant injury to the plant: >50-60% GI.
- Disappearance of phytotoxicity: >80-85% GI.

- Stimulation of the root elongation: >100% GI (better
than control, which represents 100% of GI)).

Regarding the experiments at the end of the treatment, clear dif-
ferences were observed between the effluents tested. With
synthetic water in both cases, using EDDS or DTPA, the GI
decreased compared to the initial time. In that case, the GI
dropped by 17% and 10% for DTPA and EDDS, respectively.
Nevertheless, that fact was not unexpected, since no removal
of MPs was observed using DTPA, or low rates (about 30%
removal for each MP) were obtained using EDDS. This fact could
be linked to the presence of by-products (Freitas et al., 2017)
probably more toxic than the initial MPs, as well as to the trans-
formation products from the iron complexes. The same behav-
ior was observed in the study of Ldépez-Vinent and colleagues
(Lépez-Vinent et al., 2021b). Concerning the phytotoxicity
in synthetic water without nitrites and humic acids, it was
observed that the same germination index was obtained at
the start and end of the treatment using DTPA (about 70%)
which does not imply significant injury to the plant. That fact,
in part, could be related to the formation of toxic by-products

100
90 -

70 A
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Germinationindex

20 -+
10 4

DTPA

EDDS

B Synthetic water (all components); t=0 min

® Synthetic water (all components); t=60 min

» Synthetic water (without NO3- and Humic acids);

t=0 min

Synthetic water (without NO3- and Humic acids);

t=60 min

Figure 10. Phytotoxicity evaluation in effluents at initial and at the end of the photo-Fenton treatment using DTPA and EDDS
in synthetic water and synthetic water without nitrites and humic acids.
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which decrease the germination index, but could also be
linked to the disappearance of the diuron, which is a herbi-
cide. Finally, the results on phytotoxicity in the experiments
using EDDS revealed an increase of the germination index at
the end of the treatment compared to the initial time, achieving a
germination index value of 84%. This value represents a
disappearance of the phytotoxicity, according to Zucconi and
coworkers. The results are in accordance with the removals of
MPs, since at the end of the treatment more than 90% were
removed and total diuron degradation was observed in only
20 min. The higher kinetic rates using EDDS than DTPA
could imply the removal of the possible by-products formed
during the treatment, which results in low phytotoxicity
to the seeds. So, this means that the effluent treated with
EDDS-Fe would be suitable for reuse in agricultural irrigation
without causing any damage to crops. However, it needs more
investigation since continued irrigation with traces of diuron,
propiconazole or imidacloprid could create resistance to these
compounds in crops.

Conclusions

This work demonstrated the suitability of photo-Fenton proc-
ess at natural pH to remove a mixture of imidacloprid, diuron
and propiconazole. The operational conditions were optimized
for both iron complexes and the results revealed that high
kinetic rates on MP removal were obtained using 10 mg L' of
Fe(Ill) and 25 mg L' of H,0,. With these conditions, more than
80% of three micropollutants were removed in only 20 min for
both iron complexes. In all cases, experiments using EDDS-Fe
achieved higher kinetic rates than DTPA-Fe. These differ-
ences could be related to the stability constant of each chelating
agent with iron. EDDS presents a lower constant than DTPA,
resulting in a high availability of H,O, and light to react with
iron. The differences between them increased in the tests with
the lowest iron concentration (2.5 mg L' of Fe (II)), reveal-
ing that iron concentration is a key parameter on the removal
kinetics. In the case of EDDS-Fe the differences between dif-
ferent iron and H,O,concentration were lower than using
DTPA-Fe, which also could be linked to the stability constant
of iron complexes.

The efficiency of the photo-Fenton process using synthetic
pineapple processing wastewater was also investigated in this
work. In this water, the removal of three micropollutants was
decreased for both iron complexes compared to the removals
obtained using deionized water. No micropollutant removal was
achieved using DTPA-Fe and a low degradation was achieved
with EDDS-Fe (for instance, only 40% removal of diuron was
achieved at 60 min). In this sense, the effect of each component
on MP degradation was investigated. The effect of the com-
pounds was different depending on the iron complex used.
Nitrites presented the most influence on EDDS-Fe, while carbon-
ates and humic acids did not affect the MPs degradation. How-
ever, in the case of tests performed with DTPA-Fe, a four-time
decrease was observed when the water contains carbonates
and humic acids compared to the results in deionized water.
In that case, the nitrites did not significantly influence MP
removal. On the other hand, the concentration of calcium and
magnesium also only affected the test using DTPA-Fe. But
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in that case, the effect was lower since differences on MP
removal rates lower than 20% were observed at the end of the
process compared to tests in deionized water.

Finally, phytotoxicity was investigated in the tests performed
with synthetic water and synthetic water without nitrites
and humic acids. The results revealed that with synthetic
water, phytotoxicity was observed (less than 50% of germina-
tion index) at the end of the treatment with both iron complexes.
However, in the tests carried out in synthetic water without
nitrites and humic acids, no significant injury to the plant and
disappearance of phytotoxicity were observed in the tests with
DTPA-Fe and EDDS-Fe, respectively. These results dis-
closed the suitability of treated effluent with EDDS-Fe for
reuse in the agricultural sector when the content of nitrites does
not compromise MP removal.

Data availability

Underlying data

Dataversecat: Experimental results obtained by the application
of solar-based photo-Fenton process at natural pH for pineapple
processing wastewater treatment. https://doi.org/10.34810/data210
(Bolaios et al., 2022)

This project contains
KNOWPEC-FINAL.xIsx:

the following underlying data in

- Sheet 1: Control test. Photo-Fenton test without
chelates and photolysis tests

- Sheet 2: Experiments of removal of imidachloprid,
diuron and propiconazole, by solar photo-Fenton with
the chelate DTPA-Fe (III), per triplicate, at the
following conditions:

o  2.5mg/L Fe+25mg/L.HO,
o S5mg/LFe+15mg/lL HO,
o 5mg/lLFe+25mg/lHO,
o 5mg/lL Fe+50mg/lLHO,
o 10 mg/L Fe + 25 mg/L H,0,

- Sheet 3: Obtention of the first-order kinetic constants
of imidachloprid, diuron and propiconazole removal
from experiments in Sheet 2.

- Sheet 4: Figures of average data of experiments with
the chelate DTPA-Fe (I1I), presented in sheet 2.

- Sheet 5: Experiments of removal of imidachloprid,
diuron and propiconazole, by solar photo-Fenton
with the chelate EDDS-Fe (III), per triplicate, at
the following conditions:

o  2.5mg/L Fe+25mg/L.HO,
o S5mg/LFe+15mg/lL HO,
o 5mg/lLFe+25mg/lHO,
o 5mg/lL Fe+50mg/lLHO,
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o 10 mg/L Fe + 25 mg/L H,0, - Sheet 9: Experiments of removal of imidachloprid,
diuron and propiconazole, by solar photo-Fenton with
the chelate EDDS-Fe (III), per triplicate, at 10 mg/L
Fe + 25 mg/L H,O,, in synthetic water (composition

as indicated in the sheet n° 9)

- Sheet 6: Obtention of the first-order kinetic constants
of imidachloprid, diuron and propiconazole removal
from experiments in Sheet 5.

- Sheet 7: Figures of average data of experiments with

- Sheet 10: Results of phytotoxicity of les treated
the chelate EDDS-Fe (I1I), presented in sheet 2. ee csulis ‘ot puytotoxicity Ol samp'es freale

with the chelates DTPA-Fe (III) and EDDS-Fe (III)
and at 10 mg/L Fe + 25 mg/L H,0,, in synthetic water
(composition as indicated in the sheet n® 10)

- Sheet 8: Experiments of removal of imidachloprid,
diuron and propiconazole, by solar photo-Fenton with
the chelate DTPA-Fe (III), per triplicate, at 10 mg/L
Fe + 25 mg/L. H,0,, in synthetic water (composition as
indicated in the sheet n° 8)

Data are available under the terms of the Creative Commons
Attribution 4.0 International license (CC-BY 4.0).

References

Abdessalem AK, Bellakhal N, Oturan N, et al.: Treatment of a mixture of

three pesticides by photo- and electro-Fenton processes. Desalination. 2010;
250(1): 450-455.

Publisher Full Text

Aktar MW, Sengupta D, Chowdhury A: Impact of pesticides use in agriculture:
their benefits and hazards. Interdiscip Toxicol. 2009; 2(1): 1-12.

PubMed Abstract | Publisher Full Text | Free Full Text

Brenes-Alfaro LM, Rodriguez-Rodriguez D, Quesada-Acufia C: Implementacion
de una estrategia de comunicacién para posicionar las buenas practicas
agricolas (BPA): el caso de los productores de piiia de la zona norte de
Costa Rica. Revista Internacional de Relaciones Publicas. 2021; 11(22): 49-74.
Publisher Full Text

Bickel U: Maestria. Uso de plaguicidas por productores familiares en
Bolivia. Impactos en la salud, los ecosistemas y la economia campesina.
Alternativas agroecolégicas y conclusiones para lograr una orientacién
hacia una mayor sostenibilidad. 2018.

Reference Source

Bolafios Picado D, Masis Mora M, Duran Herrera JE, et al.: Experimental results
obtained by the application of solar-based photo-Fenton process at natural
pH for pineapple processing wastewater treatment. [Dataset] Repositori de

Dades de Recerca, V1, 2022.

http://www.doi.org/10.34810/data210

Carvalho FP: Agriculture, pesticides, food security and food safety. Environ
Sci Policy. 2006; 9(7-8): 685-692.

Publisher Full Text

Chen A, Guan YJ, Bustamante M, et al.: Production of renewable fuel and
value-added bioproducts using pineapple leaves in Costa Rica. Biomass
Bioenergy. 2020; 141: 105675.

Publisher Full Text

Declan B: Scientists hail European ban on bee-harming pesticides. Nat News.
2018.
Publisher Full Text

Echeverria-Sdenz S, Mena F, Pinnock M, et al.: Environmental hazards of
pesticides from pineapple crop production in the Rio Jiménez watershed
(Caribbean Coast, Costa Rica). Sci Total Environ. 2012; 440: 106-114.
PubMed Abstract | Publisher Full Text

European Commission: Regulation (EC) No 2003/2003 of the European
Parliament and of the Council of 13 October 2003 relating to fertilizers. Off
J Eur Commun. 2003.

Reference Source

Fallmann H, Krutzler T, Bauer R, et al.: Applicability of the Photo-Fenton
method for treating water containing pesticides. Catal Today. 1999; 54(2-3):
309-319.

Publisher Full Text

Freitas AM, Rivas G, Campos-Mafias MC, et al.: Ecotoxicity evaluation of a
WWTP effluent treated by solar photo-Fenton at neutral pH in a raceway
pond reactor. Environ Sci Pollut Res Int. 2017; 24(2): 1093-1104.

PubMed Abstract | Publisher Full Text

Giacomazzi S, Cochet N: Environmental impact of diuron transformation: a
review. Chemosphere. 2004; 56(11): 1021-1032.

PubMed Abstract | Publisher Full Text

Gongalves BR, Guimardes RO, Batista LL, et al.: Reducing toxicity and
antimicrobial activity of a pesticide mixture via photo-Fenton in different
aqueous matrices using iron complexes. Sci Total Environ. 2020; 740: 140152.
PubMed Abstract | Publisher Full Text

Hong AJ, Lee J, ChaYy, et al.: Propiconazole degradation and its toxicity
removal during UV/H,0, and UV photolysis processes. Chemosphere.
2022; 302: 134876.

PubMed Abstract | Publisher Full Text

La Gaceta: Decreto Ejecutivo N° 40423-MAG-MINAE-S. Prohibicién

del registro, importacion, exportacién, fabricacion, formulacién
almacenamiento, distribucién, transporte, reempaque, reenvase,
manipulacién, venta, mezcla y uso de ingredientes activos grado técnico

y plaguicidas sintéticos formulados que contengan el ingrediente activo
5-drom0-3-sec-butyl-6-methyluracil, de nombre comun bromacil y su sal de
litio. San José, Costa Rica. 2017.

Reference Source

Lewis KA, Tzilivakis J, Warner D, et al.: An international database for pesticide
risk assessments and management. Human and Ecological Risk Assessment: An
International Journal. 2016; 22(4): 1050-1064.

Publisher Full Text

Lépez-Vinent N, Cruz-Alcalde A, Romero LE, et al.: Synergies, radiation and
kinetics in photo-Fenton process with UVA-LEDs. / Hazard Mater. 2019; 380:
120882.

PubMed Abstract | Publisher Full Text

Lépez-Vinent N, Cruz-Alcalde A, Malvestiti JA, et al.: Organic fertilizer as a
chelating agent in photo-Fenton at neutral pH with LEDs for agricultural
wastewater reuse: micropollutant abatement and bacterial inactivation.
Chem Eng J. 2020; 388: 124246.

Publisher Full Text

Lépez-Vinent N, Cruz-Alcalde A, Giménez J, et al.: Improvement of the
photo-Fenton process at natural condition of pH using organic fertilizers
mixtures: Potential application to agricultural reuse of wastewater. App/
Catal B. 2021a; 290: 120066.

Publisher Full Text

Lépez-Vinent N, Cruz-Alcalde A, Giménez J, et al.: Mixtures of chelating agents
to enhance photo-Fenton process at natural pH: Influence of wastewater
matrix on micropollutant removal and bacterial inactivation. Sci Total
Environ. 2021b; 786: 147416.

PubMed Abstract | Publisher Full Text

Lépez-Vinent N, Cruz-Alcalde A, Lai C, et al.: Role of sunlight and oxygen on
the performance of photo-Fenton process at near neutral pH using organic
fertilizers as iron chelates. Sci Total Environ. 2022; 803: 149873.

PubMed Abstract | Publisher Full Text

Lumbaque EC, Araujo DS, Klein TM, et al.: Solar photo-Fenton-like process
at neutral pH: Fe(III)-EDDS complex formation and optimization of
experimental conditions for degradation of pharmaceuticals. Catal Today.
2019; 328: 259-266.

Publisher Full Text

MINAE [Ministerio de Ambiente y Energia]: Monitoreo de cambio de uso
en paisajes productivos (MOCUPP). San José, Costa Rica: Programa Green
Commodities del Programa de las Naciones Unidas para el Desarrollo, ONU

Page 14 of 17


https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/legalcode
http://dx.doi.org/10.1016/j.desal.2009.09.072
http://www.ncbi.nlm.nih.gov/pubmed/21217838
http://dx.doi.org/10.2478/v10102-009-0001-7
http://www.ncbi.nlm.nih.gov/pmc/articles/2984095
http://dx.doi.org/10.5783/RIRP-22-2021-04-49-74
https://www.welt-ernaehrung.de/wp-content/uploads/2018/11/Plaguicidas-en-Bolivia_tesis-UBickel.pdf
http://www.doi.org/10.34810/data210
http://dx.doi.org/10.1016/j.envsci.2006.08.002
http://dx.doi.org/10.1016/j.biombioe.2020.105675
http://dx.doi.org/10.1038/d41586-018-04987-4
http://www.ncbi.nlm.nih.gov/pubmed/23040047
http://dx.doi.org/10.1016/j.scitotenv.2012.07.092
https://www.legislation.gov.uk/eur/2003/2003/contents
http://dx.doi.org/10.1016/S0920-5861(99)00192-3
http://www.ncbi.nlm.nih.gov/pubmed/27335017
http://dx.doi.org/10.1007/s11356-016-7101-7
http://www.ncbi.nlm.nih.gov/pubmed/15276715
http://dx.doi.org/10.1016/j.chemosphere.2004.04.061
http://www.ncbi.nlm.nih.gov/pubmed/32927549
http://dx.doi.org/10.1016/j.scitotenv.2020.140152
http://www.ncbi.nlm.nih.gov/pubmed/35551935
http://dx.doi.org/10.1016/j.chemosphere.2022.134876
https://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=84181&nValor3=108503&strTipM=TC
http://dx.doi.org/10.1080/10807039.2015.1133242
http://www.ncbi.nlm.nih.gov/pubmed/31330389
http://dx.doi.org/10.1016/j.jhazmat.2019.120882
http://dx.doi.org/10.1016/j.cej.2020.124246
http://dx.doi.org/10.1016/j.apcatb.2021.120066
http://www.ncbi.nlm.nih.gov/pubmed/33964782
http://dx.doi.org/10.1016/j.scitotenv.2021.147416
http://www.ncbi.nlm.nih.gov/pubmed/34525738
http://dx.doi.org/10.1016/j.scitotenv.2021.149873
http://dx.doi.org/10.1016/j.cattod.2019.01.006

REDD y GEF. 2015.

Reference Source

Nahim-Granados S, Oller I, Malato S, et al.: Commercial fertilizer as effective
iron chelate (Fe**-EDDHA) for wastewater disinfection under natural
sunlight for reusing in irrigation. Applied Catalysis B:Environmental. 2019; 253:
286-292.

Publisher Full Text

Navarro S, Fenoll J, Vela N, et al.: Removal of ten pesticides from leaching
water at pilot plant scale by photo-Fenton treatment. / Chem Eng. 2011;
167(1): 42-49.

Reference Source

Oller I, Malato S: Photo-Fenton applied to the removal of pharmaceutical
and other pollutants of emerging concern. Curr Opin Green Sustain Chem.
2021; 29: 100458.

Publisher Full Text

Oturan MA, Oturan N, Edelahi MC, et al.: Oxidative degradation of herbicide
diuron in aqueous medium by Fenton’s reaction based advanced oxidation
processes. / Chem Eng. 2011; 171(1): 127-135.

Publisher Full Text

Papoutsakis S, Brites-Ndbrega FF, Pulgarin C, et al.: Benefits and limitations
of using Fe(III)-EDDS for the treatment of highly contaminated water at
near-neutral pH. / Photochem Photobiol A Chem. 2015; 303: 1-7.

Publisher Full Text

Pupo Nogueira RF, Oliveira MC, Paterlini WC: Simple and fast
spectrophotometric determination of H,0, in photo-Fenton reactions
using metavanadate. Ta/anta. 2005; 66(1): 86-91.

PubMed Abstract | Publisher Full Text

SFE: Servicio Fitosanitario del Estado, MAG, Costa Rica. Consulta de registro
de plaguicidas.

Reference Source

Soriano-Molina P, Sanchez JG, Malato S, et al.: Effect of volumetric rate of
photon absorption on the kinetics of micropollutant removal by solar

Open Research Europe 2022, 2:105 Last updated: 19 OCT 2022

photo-Fenton with Fe**-EDDS at neutral pH.J Chem Eng. 2018; 331: 84-92.
Publisher Full Text

Tam NFY, Tiquia S: Assessing toxicity of spent pig litter using a seed
germination technique. Resour Conserv Recycl. 1994; 11(1-4): 261-274.
Publisher Full Text

Tamimi M, Qourzal S, Barka N, et al.: Methomyl degradation in aqueous
solutions by Fenton’s reagent and the photo-Fenton system. Sep Purif
Technol. 2008; 61(1): 103-108.

Publisher Full Text

Vallés I, Santos-Juanes L, Amat AM, et al.: Effect of Salinity on UVA-Vis Light
Driven Photo-Fenton Process at Acidic and Circumneutral pH. Water. 2021;
13(9): 1315.

Publisher Full Text

Wu'Y, Passananti M, Brigante M, et al.: Fe(III)-EDDS complex in Fenton and
photo-Fenton processes: from the radical formation to the degradation
of a target compound. Environ Sci Pollut Res Int. 2014; 21(21): 12154-12162.
PubMed Abstract | Publisher Full Text

Zaror C, Segura C, Mansilla H, et al.: Kinetic study of imidacloprid removal by
advanced oxidation based on photo-Fenton process. Environ Technol. 2010;
31(13): 1411-1416.

PubMed Abstract | Publisher Full Text

Zekkaoui C, Berrama T, Dumoulin D, et al.: Optimal degradation of
organophosphorus pesticide at low levels in water using fenton and
photo-fenton processes and identification of by-products by GC-MS/MS.
Chemosphere. 2021; 279: 130544.

PubMed Abstract | Publisher Full Text

Zucconi F, Pera A, Forte M: Evaluating toxicity of immature compost. Biocycle.
1981a; 54-57.

Reference Source

Zucconi F, Forte M, Monaco A: Biological evaluation of compost maturity.
Biocycle. 1981b; 27-29.

Reference Source

Page 15 of 17


https://docplayer.es/65127966-Mocupp-monitoreo-de-cambio-de-uso-en-paisajes-productivos.html
http://dx.doi.org/10.1016/j.apcatb.2019.04.041
https://agris.fao.org/agris-search/search.do?recordID=US201500103694
http://dx.doi.org/10.1016/j.cogsc.2021.100458
http://dx.doi.org/10.1016/j.cej.2011.03.072
http://dx.doi.org/10.1016/j.jphotochem.2015.01.013
http://www.ncbi.nlm.nih.gov/pubmed/18969966
http://dx.doi.org/10.1016/j.talanta.2004.10.001
https://app.sfe.go.cr/SFEInsumos/aspx/Insumos/ConsultaRegistroPlaguicida.aspx
http://dx.doi.org/10.1016/j.cej.2017.08.096
http://dx.doi.org/10.1016/0921-3449(94)90094-9
http://dx.doi.org/10.1016/j.seppur.2007.09.017
http://dx.doi.org/10.3390/w13091315
http://www.ncbi.nlm.nih.gov/pubmed/24801287
http://dx.doi.org/10.1007/s11356-014-2945-1
http://www.ncbi.nlm.nih.gov/pubmed/21213999
http://dx.doi.org/10.1080/09593331003680926
http://www.ncbi.nlm.nih.gov/pubmed/34134402
http://dx.doi.org/10.1016/j.chemosphere.2021.130544
https://agris.fao.org/agris-search/search.do?recordID=US8229728
https://www.scienceopen.com/document?vid=1658d2a3-1479-432b-86a3-4195a846edf3

Open Research Euro pe Open Research Europe 2022, 2:105 Last updated: 19 OCT 2022

Open Peer Review

Current Peer Review Status: v

Reviewer Report 27 September 2022

https://doi.org/10.21956/0penreseurope.16212.r30042

© 2022 Salmeron Garcia L. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Irene Salmeron Garcia
Chair of Urban Water Treatment, University of Luxembourg, Esch-sur-Alzette, Luxembourg

This manuscript assesses the feasibility of photo-Fenton treatment as an alternative for the
removal of three organic pesticides commonly contained in an agro-industrial wastewater. Two
different iron sources were studied for the operation at natural pH as well as the influence of the
crucial ions and substances present on the matrix.

The work is well structured, well explained and results and discussion are coherent and in line with
other works previously reported in literature. However, some minor comments arise and would
need to be addressed for the final version of the document. The conclusions seem more a
summary of the work done than the main findings obtained from the study. In fact, in conclusions
it is stated that photo-Fenton is suitable for the removal of the three MP at near-neutral pH, but
this only happened in pure water and not in the case of the synthetic agro-industrial effluent,
where only a small ratio of removal was achieved, so probably for that kind of effluents would be
better the application of an alternative technology.

Regarding the text, it is reported that the removal kinetics are linked to the stability of the
chelating agent with iron. This argument is repeated several times along the text and for an easier
understanding and a more friendly reading I would avoid that redundancy.

The implementation of these minor changes would improve the quality of the document.
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