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Abstract Ecotoxicity studies using two glyphosate-
based formulations (Eskoba® and Sulfosato Touch-
down®) were undergone with three microcrustacean
species to establish their LCs, values and to evaluate
the efficacy of cleaning treatments with UV/
H,0,.Samples were collected at the beginning of the
process —50 mg acid equivalent per liter of glyphosate
without H,O, and at different treatment timepoints: 2, 4,
and 6 h. Three microcrustacean species were used as
biological models.The Eskoba® LCs, ranged between
14.49 and 95.23 acid equivalents (a.c.) mg L™ 'and for
Sulfosato Touchdown® between 0.31 and 1.74 a.e. mg
L™'. The glyphosate-based formulations registered the
following order of sensitivities: Ceriodaphnia dubia >
Daphnia magna > Notodiaptomus conifer. The treat-
ment duration and mortality (%) were negative and
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significantly correlated for both formulations, indicating
that the remediation process diminished the glyphosate
concentration. Therefore, microcrustacean mortality de-
creased linearly with the remediation time. C. dubia and
N. conifer were more sensitive than the holarctic
D. magna to the remediation process, since the first
two species showed greater percentage of mortality at
6 h of processes, compared with D. magna, for both
formulations evaluated. Sulfosato Touchdown® was
more toxic but showed greater degradability than
Eskoba®. The results provide relevant information re-
garding (1) the urgency to clearly identify the additives
on product labels, (2) the efficiency of UV/H,0, pro-
cess for reducing adverse effects of two glyphosate-
based formulations, and (3) the importance of develop-
ing studies to evaluate the effectiveness of cleaner tech-
nologies with an emphasis on microcrustacean species
as biological models.

Keywords UV/H,0, remediation process -
Glyphosate-based formulations - Microcrustaceans

1 Introduction

Argentina is one of the three major soybean producers in
the world according to current statistics, commercializ-
ing 49 million of tons per year (after USA and Brazil
that produce 89 and 81 million tons, respectively)
(FAOSTAT 2013).The genetically modified soy crops
compose 60 % of the cultivated area all over the country
(Junges et al. 2013). However, in the pampean region,
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the changes in land use with the purpose of increase of
this production began in the 1960s but were accelerated
at the end ofthe 1970s. The most dramatic technological
innovation occurred in 1996 with the introduction of
genetically modified soybean tolerant to glyphosate and
the elimination of soil tillage (no tillage). Pastures and
annual forage crops were replaced by wheat-soybean
relay cropping, maize, and sunflower crops. In this
context, herbicides are one of the three pillars of the
so-called “green revolution” the other two being new
genetically modified (GM) seed varieties and high fer-
tilizers inputs (Mc Laughlin and Mineau 1995).

Most herbicides contain the active ingredient glyph-
osate (N-phosphonomethyl) which is being aggressively
used. Such use has significantly increased since 1971
(Dill et al. 2010) with 160 million liter glyphosate
applications per year in 2004 (Altieri and Pengue
2006). They usually enter water bodies by washing
containers, direct spray on rivers, lakes or streams, and
by runoff after rainfall (Romero et al. 2011). The liter-
ature is extensive for glyphosate effects on aquatic biota
(Demetrio et al. 2012; Cuhra et al. 2013; Gagneten et al.
2014). However, little is known on the active ingredient
and adjuvant toxicities (Tsui and Chu 2003). While this
issue has received global attention, research has focused
on the effects from Roundup® (Tsui and Chu 2003, Tsui
and Chu 2004; Raipulis et al. 2009; Dutra et al. 2011),
but effects from the many new glyphosate-based formu-
lations available have been poorly explored
(Lajmanovich et al. 2011).

In Argentina, the use of transgenic cultivars of soy
tolerant to glyphosate has been increasing from 1997
although it is been extensively demonstrated that the
practice of applying glyphosate in late summer to in-
crease forage supply during winter and spring has sev-
eral negative consequences for biodiversity conserva-
tion, ecosystem functioning, and livestock management
in the last semi-natural habitats in the Pampas grasslands
(Rodriguez and Jacobo 2010).

Clean technologies, such as advanced oxidation pro-
cesses (AOPs), can greatly reduce pollution. UV radia-
tion combined with hydrogen peroxide has certain ad-
vantages over other AOPs; H,0, is commercially avail-
able and simple to use. AOPs are based on generating
highly oxidizing species, such as hydroxyl radicals
(OH), which react with the pollutants and degrade them
to harmless products, such as carbon dioxide, water, and
mineral acids. In addition, non-selective technologies,
such as oxidants, can degrade any type of chemical
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pollutant (MangatEchavia et al. 2009; Manassero et al.
2010). Vidal et al. (2015) proved that the combination of
hydrogen peroxide and UV radiation may become a
suitable and very simple process for treating wastewater
originating from glyphosate commercial formulations.

However, full mineralization is not always possible
at a reasonable price and time. Thus, the intermediate
compounds generated during degradation might be
equally or more toxic than the parent compound. Bio-
assays can be used to detect when the treated effluent
is no longer toxic, which can reduce AOP operating
costs because complete pollutant degradation is not
always necessary to generate harmless effluent. Be-
cause toxicants sensitivity differs among species, or-
ganisms from different taxonomic groups must be used
as biological models for the assays (Fernandez-Alba
et al. 2002). Microcrustaceans are commonly used in
toxicological tests worldwide because—among many
other practical reasons—they are fundamental to
aquatic ecosystems and link the primary producers
with higher trophic level consumers.

Given the need of evaluating the ecotoxicological
effects of glyphosate-based formulations on key aquatic
organisms as well as the effectiveness of a recently
developed cleaner technology to reduce their toxicity,
we proposed the following objectives: (1) to determine
and compare the acute toxicity (LCsg) of two of the
most-used glyphosate-based formulations on three
microcrustacean species: Daphnia magna,
Ceriodaphnia dubia, and Notodiaptomus conifer and
(2) to evaluate the toxicity of contaminated samples with
formulated glyphosate after being treated with the PAO
UV/H,0, at different reaction times using the same
three species.

2 Materials and Methods
2.1 Glyphosate-Based Formulations

Eskoba® (Red Surcos) and Sulfosato Touchdown®
(Syngenta Agro) glyphosate-based formulations were
selected, which are among the most used in the pampean
region and the Parana River floodplain (Argentina), the
two ecoregions with the highest soybean production in
the country. The glyphosate commercial formulations
used herein include 48 % (w/v) as monoisopropylamine
salt and 62 % of potassium salt. The chemical structures
for both active principles are shown in Fig. 1.
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Fig.1 Chemical structures: a glyphosate potassic salt in the Sulfosato Touchdown® formulation; b glyphosate monoisopropylamine salt in

the Eskoba® formulation

2.2 Acute bioassays With Microcrustaceans

The D. magna specimens were generated from a mono-
clonal culture, which was initiated with an adult female
and maintained in the laboratory for several generations
under controlled temperature and photoperiod condi-
tions. Given their abundance in the river floodplains,
the C. dubia and N. conifer individuals were collected
using a plankton net (100 pm) in the Parana River
alluvial valley. Then, they were transferred to the labo-
ratory for acclimation in synthetic media.

The D. magna and N. conifer samples were main-
tained in the same synthetic medium comprising 0.13 g
K580y, 1.12 g CaCl,, and 1 g NaHCOs, dissolved in 5 L
of distilled water, and C. dubia was maintained in
American Public Health Association (APHA) et al.
(1998) medium which includes the following: 2.4 g
SO4Mg, 3.84 g NaHCO;, and 0.16 g KCl y 24 g
CaS04.2H,0, dissolved in 20 L of distilled water. The
organisms were fed regularly with Chlorella vulgaris
(CLV2 strain, from CISECE, Mexico) (absorbance=1.5
A=650 nm) and maintained in a growth chamber
undercontrolled and constant conditions (photoperiod
16 L, 8D and T 20+1 °C).

Prior to the experiments, stock solutions with 1000
a.e. mg L' of the two glyphosate-based formulations
were prepared in sterile distilled water and maintained in
the dark at —4 °C until analyzed.

The analyses were performed using a Dionex DX-100
chromatograph equipped with a Waters 430 ion conduc-
tivity detector, a Dionex ASRS300 suppressor, a Dionex
Ion Pack AS2A-SC, and an Ion Pac AG2A-SC guard
column. The eluent used comprised 7.2 mM Na,CO; and
3.2 mM NaOH. The glyphosate concentration was 1067.5
(SD+38.48) a.e. mg L. This stock solution was used to
prepare each glyphosate-based formulations used in the
assays. The assays were static of 48 h (photoperiod 16 L,
8D and T=20+1 °C). The D. magna and C. dubia neo-
nates as well as 5th instar N. conifer copepodites were
used. The number of replicate trials was 20 (International

Organization for Standardation.ISO 6341, 1996) for cla-
docerans and 30 for copepods.

For the Eskoba® formulation, 6 glyphosate concen-
trations were tested on D. magna, 20 (C1), 25 (C2), 30
(C3), 35 (C4), 40 (C5), and 45 (C6) a.e.mg L' and 5 on
N. conifer and C. dubia, 20 (C1), 40 (C2), 80 (C3), 160
(C4), and 320 (C5) a.e. mg L' on N. conifer, and 8
(C1), 12 (C2), 18 (C3), 27 (C4), and 40.5 (C5) a.e. mg
L 'on C. dubia.

For the Sulfosato Touchdown® formulation, 5 glyph-
osate concentrations were tested on the three studied
species, 5 (C1), 2.5 (C2), 1.25 (C3), 0.5 (C4), and 0.25
(C5) a.e. mg L 'on D. magna; 1 (C1), 0.5 (C2),0.25
(C3), 0.125 (C4), and 0.0625 (C5) mg a.e. L' on
C. dubia, and 10 (C1), 5 (C2), 2.5 (C3), 1.25 (C4),
and 0.75(C5) a.e. mg L' on N. conifer.

The results were considered acceptable when the
control mortality was <10 %. The LC50 was determined
for each species; LCsy is the effective concentration of a
chemical that reduces the experimental population by
50 % (Rand and Petrocelli 1985).

LC50 values with a 95 % confidence interval were
determined using Probit analysis (Finney, 1971). The
pH and dissolved oxygen were measured throughout the
experiment and maintained within a range of 7.6-8 and
8.6 mgL ™', (APHA 1998).

2.3 Photoreactor and UV/H,0, Process

The glyphosate-based formulations were degraded in an
annular reactor with an inner quartz tube (V reactor=
870 cm’®), which allowed UV radiation to pass from a
concentrically positioned germicidal lamp (Philips TUV
15 W, low pressure Hg vapor lamp with a significant
emission at A=253.7 nm). This reactor was operated in a
recirculating batch system, which included a centrifugal
pump and feed tank with continuous stirring. The sys-
tem had a total volume of 2500 cm® and a constant
temperature (7=20 °C) was maintained using a heat
exchanger (Fig. 2).
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Fig. 2 Schematic representation
of laboratory reactor

Heat exchanger

The reactor has a screen to block radiation from
entering the reaction chamber until the system reached
a steady state (uniform concentration, constant temper-
ature, and lamp stability).

The samples were degraded in accordance with the
following experimental procedure: the working solution
and desired glyphosate as well as hydrogen peroxide
concentrations were added to the tank. The germicidal
lamp was lit with the screen in place, and the fluid was
recirculated. Upon reaching steady state, the screen was
removed to initiate the reaction (initial time, r=0). Sam-
ples were collected every 120 min to monitor the glyph-
osate concentration. The operating flow was
120 cm®s . The operating conditions are detailed in
Table 1. In these formulations, the glyphosate acid is
converted to a salt in order to increase water solubility
and, for this reason, glyphosate concentrations are re-
ported as acid equivalents per liter (Lanctota etal. 2014).

The samples tested for toxicity in the microcrustaceans
were as follows. MO (untreated sample): corresponds to 50
a.e. mg L' of glyphosate without H,O,. M1, M2, and M3:
samples collected at different UV/H,0O, reaction times (2,
4, and 6 h, respectively), whereupon H,O, was eliminated.

The bovine catalase (2197 units/mg Fluka; 1 unit
decomposes 1 mol H202/min at pH 7.0 and 25 ° C)
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was used to decompose the remaining H,O, in the
samples. Glyphosate acid (AccuStandard cat. N
P-015NB-250) was used as a chromatography standard
for calibration.

2.4 Analytical Methods

Glyphosate was analyzed using ion exchange chroma-
tography with conductivity detection in an analytical lon
Pac-SC AS2A-SC column (2250 mm) protected by an
Ion Pac AG2A-SC guard column (250 mm).

The eluent used comprised a mixture of 7.2 mM
Na,COj3 and 3.2 mM NaOH at 0.6 ml/min.

Table 1 Experimental conditions

Variable Value

0.30 (mM) (50 a.e. mg L")
3.6 (mM) (120 mg L")

Total reaction time 6h

Glyphosate initial concentration

H,O0, initial concentration

Sampling MO (#=0); M1 (=2 h); M2
(t=4 h); M3 (=6 h)

Temperature 20 (°C)

Initial pH 52
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The H,0, was analyzed using colorimetry by mea-
suring absorbance at 350 nm in a CARY spectropho-
tometer. The total organic carbon (TOC) was analyzed
to quantify the level of mineralization in the samples,
with an analyzer Shimadzu TOC-5000.

2.5 Static Assays Using Microcrustaceans to Evaluate
UV/H,0, Efficiency

Sample toxicity at different timepoints (MO=0 h, M1=2h,
M2=4 h, and M3=6 h) was evaluated using D. magna,
C. dubia, and N. conifer as biological models.

Microcrustacean samples were transferred to the lab-
oratory, where the pH was measured, and the salts in the
synthetic media described above were dissolved for
each species. Subsequently, each sample was aerated
for 24 h, and then assays were used to assess the organ-
isms’ mortality at the different timepoints tested.

The assays were static for 48 h and followed the
methodological design described in section “Acute bio-
assays with microcrustaceans” (T°, photoperiod, effect
indicator, number of replications, and assay acceptabil-
ity). The pH was measured at the beginning and end of
the experiment with values ranging from 7.65 to 7.15 for
Eskoba® and 7.22 to 7.68 for Sulfosato Touchdown®.
Similarly, dissolved oxygen was measured, which
ranged from 9 to 6.6 mg L' and 8.7 to 6.5 mg L™ for
Eskoba® and Sulfosato Touchdown®, respectively.

The Pearson correlation analysis was performed to
assess the trend in time of the mortality (in %) of each
species under study. Prior to this, data were tested for
normality with the Kolmogorov-Smirnov test at a signifi-
cance level of =95 %. In addition, a Tukey test was used
in order to analyze differences in mortality between spe-
cies within each treatment (i.e., the pesticide at different
timepoints of the remediation process: MO to M3). This
analysis was performed separately for each species, being
the % of mortality the response variable. The GraphPad
InStat (InfoStat 2004) statistical software was used.

3 Results

3.1 Acute Bioassays With Microcrustaceans to Assess
Toxicity of Glyphosate-Based Formulations

The LCs, for Eskoba® was higher than the one for
Sulfosato Touchdown® for the three species under study
(Table 2). LCso9 was showing greater toxicity of

Sulfosato Touchdown®. The registered order of species
sensitivity was the following: C. dubia > D. magna >
N. conifer, being equal for both formulations.

3.2 Degradation of Glyphosate-Based Formulations

In the present study, glyphosate degraded more rapidly
from Sulfosato Touchdown® than from Eskoba®.
Glyphosate and TOC concentration were variations as
a function of the reaction times for the two glyphosate-
based formulations under the same experimental condi-
tions, which generated the highest glyphosate degrada-
tion rates, as determined in previous studies (Manassero
etal. 2010; Neder et al. 2011; Vidal et al., 2015) (Fig. 3).

For the same glyphosate concentrations as acid, the
initial TOC concentrations were higher in Eskoba® than
Sulfosato Touchdown® (23 vs. 10 mg L™"). The differ-
ent active ingredients that compose each formulation
explain the difference. For the same initial glyphosate
acid concentration (50 a.e.mg L"), the Eskoba® formu-
lation has a 1-1 molar ratio between the anion glypho-
sate and the cation isopropylamine, while the Sulfosato
Touchdown® active ingredient is only the potassium salt
(Fig. 1). Hydroxyl radicals generated by UV/H,0,
(which does not react selectively) oxidized both the
anion glyphosate and the cation isopropylamine. In
contrast, for Sulfosato Touchdown®, the radicals exclu-
sively oxidized the glyphosate anion.

3.3 Bioassays With Microcrustaceans to Evaluate
the Efficacy of the UV/H,0O, Process

The Tukey test for the mortality (%) of the species
showed non-significant values in the three species (p=
0.3498), indicating that they responded similarly to the
remediation process. The negative correlations between
the organism’s mortality and timepoints (MO, M1, M2,
and M3) indicate that the remediation process dimin-
ished the glyphosate concentration for Eskoba®, %=
0.8536, 0.9363, and 0.8526 (p<0.05) and for Sulfosato
Touchdown®, 1*=0.7269, 0.8937 and 0.6914 (p<0.05)
in N. conifer, D. magna, and C. dubia. Therefore,
microcrustacean mortality decreased linearly with the
remediation time. C. dubia and N. conifer were more
sensitive than the holarctic D. magna to the remediation
process, since the first two species showed greater per-
centage of mortality at 6 h (M3) of processes, compared
with D. magna, for both formulations evaluated.
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Table 2 LCs, values for the three species in acute assays with Eskoba® and Sulfosato Touchdown®

LCs, glyphosate (a.e. mg L")

C. dubia
14.49 (12.40-16.77)
0.31 (0.25-0.37)

Eskoba®

Sulfosato Touchdown®

D. magna
29.48 (27.46-31.41)
1.62 (1.24-2.09)

N. conifer
95.23 (71.82-128.2)
1.74 (1.22-2.29)

Figure. 4 presents the mortality of the three
microcrustacean species in the samples (M0=0 h, M1=
2 h, M2=4 h, and M3=6 h) and the corresponding glyph-
osate concentration (Eskoba® formulation).

The lowest mortality values were recorded for the
longest treatment time (6 h=M3) in each species: 60 %

for C. dubia, 47 % for N. conifer, and 35 % for D. magna.

The remaining TOC was 46 % (10.8 mg L™'TOC) for
sample M3. It is difficult to compare the glyphosate
concentrations that correspond to the LC50 values with
the mortality values at the end of the remediation pro-
cess (M3). C. dubia showed higher percentage of mor-
tality to 12 a.e. mg L' (M3) that LC5o=14.49 a.e. mg
L', while D. magna and N. conifer to 12 a.e. mg
L™'(M3) percentage of mortality was less than LCso=
29.48 and LCs50=95.23 (Table 3).

Figure 5 shows the mortality percentage for the three
microcrustacean species in the samples M0, M1, M2, and
M3 and the corresponding glyphosate concentration
(Sulfosato Touchdown® formulation). Mortality de-
creased with increased treatment time. Lower mortality
values were observed in each species for the longest
treatment time (M3), which had a 1 a.e.mg L™ glyphosate
concentration and 3.7 mg L™' TOC concentration; the

Fig. 3 Glyphosate and TOC 60~
concentrations evolution as a
function of time during UV/H,0,
process under the best
experimental conditions for both
glyphosate-based formulations:
Cg|y0:50 e.a. mg L CH2020:
120 mg L™": (black circle) glyph-
osate and (black box) TOC in
Eskoba®, (white circle) glypho-
sate and (white box) TOC in
Sulfosato Touchdown®. The line
connecting the experimental
values is a trend line

N
o
]

Glyphosate (a.e. mg L)
N
o
1

values were 25 % for N. conifer, 20 % for C. dubia, and
5 % for D. magna (Table 4). LCsq values compared with
mortality at the end of the remediation process (1
a.emg L' glyphosate concentration) showed that the
treated sample is less toxic to the three microcrustaceans.

4 Discussion

4.1 Acute toxicity of Two Glyphosate-Based
Formulations and Comparison Among Species

The 48 h LCs values of Eskoba® and Sulfosato Touch-
down® obtained in this study for D. magna, C. dubia, and
N. conifer showed that these species notoriously differ in
their specific sensitivity. This difference can be attributed
to their particular differences in life cycles, ecology, and
metabolic rates and demonstrate the importance of devel-
oping toxicological test with a high range of organisms,
even belonging to the same aquatic community. When
compared to other ecotoxicological studies, it can also be
observed that there is a high variation within species and,
in particular, within the glyphosate formulations used. For
example, D. magna recorded 48 h LC50 values of 7.9 mg

125

TOC (mg L")
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L' exposed to Faena®, 61.72 mg L™ exposed to Ron-Do,
190 mg L' to Roundup®, and 11 mg L' for Roundup
UltraMax®. The cladoceran C. dubia registered 48 h LCs
values of 5.39 mg L' exposed to Roundup®, 415 mg L™
to Rodeo®, and 81.5 mg L' to Roundup Bio Active®
(Alberdi et al., 1996; Tsui and Chu, 2003; Tsui and Chu
2004; Raipulis et al. 2009; Appendices to Glyphosate
2010. Other zooplancton species, such as Simocephalus
vetulus, Phyllodiaptomus annae, and Lecane
quadridentata reported 48 h LCs, values of 21.5, 1.6,
and 13.1 a.e.mg L™ when exposed to commercial formu-
lations Eskoba®, Roundup®, and Faena®, respectively
(Reno et al. 2014, AshokaDeepananda et al. 2011;
Dominguez-Cortinas et al. 2008). Similar results to those
found in this study were reported by Regaldo (2013) and
Olvera-Ramirez et al. (2010), concemning the increased
sensitivity of C. dubia compared with D. magna.

4.2 Degradation of Glyphosate-Based Formulations

The obtained results from the degradation of glyphosate-
based formulations by the process UV/H,O, suggest that it

Table 3 LCs, values for the three species in acute assays with
Eskoba® and mortality (%) in M3

Mortality (%)

Glyphosate (a.e. mg L™ C. dubia  N. conifer  D. magna
LCso=14.49 50

LC5p=29.48 50
LCs5p=95.23 50

M3=12 60 47 35

is more convenient to treat aqueous waste from Sulfosato
Touchdown® than Eskoba® from an efficiency perspec-
tive because a higher final percentage of glyphosate deg-
radation (98 % for Sulfosato Touchdown® compared with
76 % for Eskoba®) was generated over the same time
(which is directly related to expense). Furthermore, the
TOC conversions were 64 and 54 % for Sulfosato Touch-
down® and Eskoba®, respectively.

4.3 Bioassays With Microcrustaceans to Evaluate
the Efficacy of the UV/H,0, Process

The bioassays performed with the three
microcrustaceans to evaluate the efficacy of the UV/
H,0, process indicate that it is necessary to increase
the reaction time for samples with Eskoba® because in
the three microcustaceans species, the percentage of
mortality was below or near 50 %.

Previous studies on glyphosate acid degradation
using UV/H,0, identified the following reaction inter-
mediates: glycine, formic acid, formaldehyde, ammo-
nia, and, as final products, nitrate and phosphate ions
(Manassero et al. 2010). These intermediates and other
substances (i.e., additives) in such formulations at lower
concentrations are not frequently showed on the product
labels. Therefore, it is possible that they are affecting the
toxicity of samples regardless of the glyphosate
concentration.

A previous work has shown that Roundup® and its
surfactant polyoxyethylene amine (POEA) were more
toxic than the active ingredient, with LCs, values at
539and 1.77 a.e. mg L™ for the commercial formulation
and 1.15 and 0.57 a.e. mg L' for POEA to C. dubia and
Acartia tonsa, respectively (Tsui and Chu, 2003). The
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Fig. 5 Mortality (%) and glyphosate evolution at different times
(M0=0 h, M1=2 h, M2=4 h, and M3=6 h) after the UV/H,0,
process, for Sulfosato Touchdown® and the three studied species.
(White circle) glyphosate concentration (a.e. mg L™"). Rightwards

glyphosate acid LCsq values were 35.3 and 147
a.e.mg L' for the mentioned copepod and cladoceran,
respectively. Other research has reported similar results,
assuming that the Roundup® surfactant, but not glypho-
sate, caused the increased toxicity (Kitulagodage et al.
2008; Pereira et al. 2009). Piola et al. (2013), after com-
paring the toxicity of two glyphosate formulates on
Eisenia andrei, determined that the adverse effects ob-
served at doses close to its LCsq could be attributed to the
effects of some of the so-called “inert ingredients” either
due to a direct intrinsic toxicity or to an enhancement in
the bioavailability and/or bioaccumulation of the active
ingredient. Recently, Mesnage et al. (2014) informed that
eight formulations out of nine were up to one thousand
times more toxic to human cells than their active princi-
ples, concluding that chronic tests on pesticides may not
reflect relevant environmental exposures if only one in-
gredient of these mixtures is tested alone. In sum, our
results demonstrate the importance of specifying each
compound in a pesticide on the product labels.

Table 4 LCs, values for the three species in acute assays with
Sulfosato Touchdown® and Mortality (%) in M3

Mortality (%)

Glyphosate (mg a.e. L™")  N. conifer ~ C. dubia  D. magna
LCs50=0.31 50

LCs0=1.62 50
LCso=1.74 50

M;=1 25 20 5

@ Springer

arrow indicates the axis where the concentration of glyphosate is
represented determined for each reaction times of processes (UV/
H,0,). Leftwards arrow indicates the axis where the % mortality
represents the microcrustaceans

5 Conclusions

In this study acute tests were conducted to determine the
lethal concentration 50 (LCs) for both formulates. Also,
the toxicity of samples collected at different timepoints
after UV/H,0, remediation process for two glyphosate-
based formulations were evaluated. Relevant information
was provided regarding the toxic effects from two
glyphosate-based formulations not previously explored
on a standard organism, such as D. magna and two
microcrustaceans that are frequent and abundant in the
pampas region of Argentina and the river floodplains of
South America. Microcrustaceans can be used in toxicity
evaluations of agricultural wastes treated with UV/H,0,.
C. dubia and N. conifer were more sensitive to the
remediation process, as they showed greater percentage
of mortality during the degradation process of the glyph-
osate formulations (UV/H,0,), than the holarctic species
(D. magna), which suggests that regionally relevant spe-
cies should be used in evaluating decontamination for the
pampas and other southern regions where these species
exist. The results indicate the effectiveness of UV/H,0,
at reducing the water contamination with glyphosate,
which will facilitate better pesticide waste management
in agricultural activities. However, some intermediates
produced in these treatments, from the active pesticide
component or from some other components of the for-
mulation, may lead to increased toxicity. Finally, com-
mercial formulations with the same active ingredient may
have different toxicity owing to different additives; there-
fore, they should be identified on product labels.
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This paper also shows the importance of developing
cleaner technologies with an emphasis on microcrustacean
as suitable biological models to evaluate a remediation
process.

Acknowledgments This research was supported by grants from
the National University of the Littoral, CONICET, and ANPCyT

(Project CAI+D Orientado 1.6 and from the Santa Fe Province,
Project SECTel 2.1-28-11).

References

Alberdi, J. L., Saenz, M. E., Di Marzio, W. D., & Tortorelli, M. C.
(1996). Comparative acute toxicity of two herbicides, para-
quat and glyphosate, to daphnia magna and daphnia
spinulata. Bull Environ Contam Toxicol, 57(2), 229-235.

Altieri M & Pengue W. (2006). GM soybean: Latin America’s new
coloniser. Seedling (January), 13—-17. www.grain.org/
seedling. Accessed 15 June 2015.

American Public Health Association (APHA), et al. (1998).
Standard methods for the examination of water and
wastewater (20th ed.). Washington D.C. EstadosUnidos:
Ap. 8010G.

Appendices to Glyphosate. (2010). Human health and ecological
risk assessment. Southern Region. USA: USDA/Forest
Service.

AshokaDeepananda, K. H. M., Gajamange, D., De Silva, W. A. J.
P., & Wegiriya, H. C. E. (2011). Acute toxicity of a glypho-
sate herbicide, Roundup®, to two freshwater crustaceans. J
NatlSci Found Sri Lanka, 39, 169—-173.

Cuhra, M., Traavik, T., & Bohn, T. (2013). Clone- and age-
dependent toxicity of a glyphosate commercial formulation
and its active ingredient in Daphnia magna. Ecotoxicology,
22,251-262.

Demetrio, P. M., Bulus Rossini, G., Bonetto, C., & Ronco, A.
(2012). Effects of pesticide formulations and active ingredi-
ents on the coelenterate Hydra attenuata (Pallas, 1766). Bull
Environ ContamToxicol, 88, 15-19.

Dill, G. M., Sammons, R. D., Feng, P. C. C., Kohn, F,,
Kretzmer, K., Mehrsheikh, A., Bleecke, M., Honegger, J.
L., Farmer, W. D., & Haupfear, E. A. (2010). Glyphosate:
discovery, development, applications, and properties. In
Glyphosate resistance in crops and weeds: history, devel-
opment, andmanagement (pp. 1-33). New York: Inc,
Nandula VK, Wiley.

Dominguez-Cortinas, G., Mejia-Saavedra, J., Santos-Medrano, G.
E., & Rico-Martinez, R. (2008). Analysis of the toxicity of
glyphosate and Faena® using the freshwater invertebrates
Daphnia magna and Lecane quadridentata. Toxicol
Environ Chem, 90, 377-384.

Dutra, B. K., Fernandes, F. A., Failace, D. M., & Oliveira, G. T.
(2011). Effect of Roundup®(glyphosate formulation) in the
energy metabolism and reproductive traits of Hyalella castroi
(Crustacea, Amphipoda, Dogielinotidae). Ecotoxicology, 20,
255-263.

Fernandez-Alba, A., Hernando, D., Agiiera, A., Caceres, J., &
Malato, S. (2002). Toxicity assays: a way for evaluating
AOPs efficiency. Water Res, 36, 4255-4262.

Finney, D. J. (1971). Probit analysis (3rd ed.). Cambridge:
University Press.

FAOSTAT. (2013) http://faostat3.fao.org/download/Q/QC/E
(access 18 March 2015).

Gagneten, A. M., Maitre, M. 1., Reno, U., Regaldo, L., Roldan, S.,
& Enrique, S. (2014). Efectos del Herbicida Ron-Do® sobre
Cerodaphnia reticulata (Crustacea, Cladocera) y
Degradabilidad del Glifosato (N fosfometilglicina) en
Condiciones Experimentales. Nat Neotrop Nro, 45, 71-85.

InfoStat. (2004). Grupo Infostat. FCA. Universidad Nacional de
Cordoba. Ira eds. Argentina: Editorial Brujas.

International Organization for Standardation. ISO 6341. (1996).
Water quality: determination of the inhibition of the mobility
of Daphnia magna Straus (Cladocera, Crustacea): acute tox-
icity test. 3rd Edition. USA, 7.

Junges, C. M., Vidal, E. E., Attademo, A. M., Mariani, M.,
Cardell, L., Negro, A. C., Cassano, A., Peltzer, P.,
Lajmanovich, R., & Zalazar, C. S. (2013). Effectiveness
evaluation of glyphosate oxidation employing the H,O,/
UVC process: Toxicity assays with Vibrio fischeri and
Rhinella arenarum tadpoles. J. of Environ Sci and Health.
Bull Am Meteorol Soc, 48, 163—170.

Kitulagodage, M., Astheimer, L. B., & Buttemer, W. A. (2008).
Diacetone alcohol, a dispersal solvent, contributes to acute
toxicity of a fipronil-based insecticide in a passerine bird.
Ecotoxicol Environ, 71, 597-600.

Lajmanovich, R., Attademo, A., Peltzer, P., Junges, C., &
Cabagna, M. (2011). Toxicity of four herbicide formulations
with glyphosate on Rhinella arenarum (Anura: Bufonidae)
tadpoles: B-esterases and glutathione—S-transferase inhibi-
tors. Arch Environ Contam Toxicol, 60, 681-689.

Lanctota, C., Navarro-Martina, L., Robertsona, C., Park, B.,
Jackmanc, P., Paulid, B. D., & Trudeau, V. L. (2014).
Effects of glyphosate-based herbicides on survival, develop-
ment, growth and sex ratios of wood frog (Lithobates
sylvaticus) tadpoles. 1I: agriculturally relevant exposures to
Roundup WeatherMax® andVision® under laboratory con-
ditions. Aquat Toxicol, 154,291-303.

Manassero, A., Passalia, C., Negro, A. C., Cassano, A. E.,
& Zalazar, C. S. (2010). Glyphosate degradation in
water employing the H,0,/UVC process. Water Res,
44, 3875-3882.

MangatEchavia, G. R., Matzusawa, F., & Negishi, N. (2009).
Photocatalytic degradation of organophosphate and
phosphonoglycine pesticides using TiO2 immobilized on
silica gel. Chemosphere, 76, 595-600.

Mc Laughlin, A., & Mineau, P. (1995). The impact of agricultural
practices on biodiversity Agr. Ecosyst Environ, 55,201-212.

Mesnage, R., Defarge, N., Spiroux de Vendomois, J., Séralini,
G.E. (2014). Major pesticides are more toxic to human cells
than their declared active principles. BioMed Research
International, 2014, ID 179691. 1-8.

Neder, S., Negro, A., Cassano, A., & Zalazar, C. (2011).
Photodegradation of glyphosate acid and its commercial
formulations in water. Paris, France: IOA IUVA World
Congress & Exhibition.

Pereira, J. L., Antunes, S. C., Castro, B. B., Marques, C. R.,
Gonclaves, A. M. M., Gonclaves, F., & Pereira, R. (2009).

@ Springer


http://www.grain.org/seedling
http://www.grain.org/seedling
http://faostat3.fao.org/download/Q/QC/E

349 Page 10 0f 10

Water Air Soil Pollut (2015) 226: 349

Toxicity evaluation of three pesticides on non-target aquatic
and soil organisms: commercial formulation versus active
ingredient. Ecotoxicology, 18, 455—463.

Piola, L., Fuchs, J., Oneto, M. L., Basack, S., Kesten, E., &
Casabé, N. (2013). Comparative toxicity of two glyphosate
based formulations to Eisenia andrei under laboratory con-
ditions. Chemosphere, 91, 545-551.

Olvera-Ramirez, R., Centeno-Ramos, C., & Martinez-Jeronimo, F.
(2010). Toxic effects of Pseudanabaena tenuis
(Cyanobacteria) on the cladocerans Daphnia magna and
Ceriodaphnia dubia. Hidrobiologica, 20, 203-212.

Raipulis, J., Toma, M. M., & Balode, M. (2009). Toxicity and
genotoxicity testing of roundup. Proceedings of the latvian
academy of sciences, 63, 29-32.

Rand, G. M., & Petrocelli, S. R. (1985). Fundamentals of aquatic
toxicology (p. 666). Washington: Hemisphere Publishing
Corporation.

Regaldo, L. (2013). Thesis: effect of heavy metals and pesticides
on planktonic organisms different trophic level and efficiency
of accumulation by microalgae. Argentina: UNL.

Reno, U., Gutierrez, M. F., Regaldo, L., & Gagneten, A. M.
(2014). The impact of Eskobat, a glyphosate formulation,

@ Springer

on the freshwater plankton community. Water Environment
Research, Vol, 86(12), 2294-2300.

Rodriguez, A., & Jacobo, E. (2010). Glyphosate application
changes plant functional groups proportion and reduces flo-
ristic richness and diversity in Flooding Pampa rangeland
(Argentina). Agriculture, Ecosystems and Environment,
138(3-4), 222-231.

Romero, D. M., Rios de Molina, M. C., & Juarez, A. B. (2011).
Oxidative stress induced by a commercial glyphosate formu-
lation in a tolerant strain of Chlorella kessleri. Ecotoxicol
Environ Safe, 74, 741-747.

Tsui, M. T. K., & Chu, L. M. (2003). Aquatic toxicity of
glyphosate-based formulations: comparison between differ-
ent organisms and the effects of environmental factors.
Chemosphere, 52, 1189-1197.

Tsui, M. T. K., & Chu, L. M. (2004). Comparative toxicity of
glyphosate-based herbicides: aqueous and sediment pore wa-
ter exposures. Arch Environ ContamToxicol, 46, 316-323.

Vidal, E., Negro, A., Cassano, A., & Zalazar, C. (2015). Simplified
reaction kinetics, models and experiments for glyphosate
degradation in water by the UV/H,O, process. Photochem
Photobiol Sci, 14, 366-377.



	Microcrustaceans: biological models to evaluate a remediation process of glyphosate-based formulations
	Abstract
	Introduction
	Materials and Methods
	Glyphosate-Based Formulations
	Acute bioassays With Microcrustaceans
	Photoreactor and UV/H2O2 Process
	Analytical Methods
	Static Assays Using Microcrustaceans to Evaluate UV/H2O2 Efficiency

	Results
	Acute Bioassays With Microcrustaceans to Assess Toxicity of Glyphosate-Based Formulations
	Degradation of Glyphosate-Based Formulations
	Bioassays With Microcrustaceans to Evaluate the Efficacy of the UV/H2O2 Process

	Discussion
	Acute toxicity of Two Glyphosate-Based Formulations and Comparison Among Species
	Degradation of Glyphosate-Based Formulations
	Bioassays With Microcrustaceans to Evaluate the Efficacy of the UV/H2O2 Process

	Conclusions
	References


