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� Mesocosm was used to evaluate
pesticide toxicity.

� Kraft 36 EC® is more toxic than Score
250 EC® for C. silvestrii and D. similis.

� Different temperatures were tested
aiming at real analysis conditions.

� Native species was more sensitive at
33 �C than at 23 �C to compounds.
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In order to increase the knowledge about pesticides considering the soil-water interaction, ecosystem
models (mesoscosms) were used to analyze the of leachate on the immobility and feeding rate of the
cladocerans, Ceriodaphnia silvestrii and D. similis and algae Raphidocelis subcapitata, at two different
temperatures. Mesocosm were filled with natural soil (latosolo) that were contaminated with insecti-
cide/acaricide Kraft 36 EC® and fungicide Score 250 EC®, using the recommended concentration for
strawberry crops (10.8 g abamectin/ha and 20 g difenoconazole/ha). Pesticides were applied once (hand
sprayers) and the precipitation was simulated twice a week (Days 1, 4, 8, 11, 15 and 18). The mesocosm
were kept in a roomwith a controlled temperature (23 and 33 �C) and photoperiod (12h light/12h dark).
The Kraft 36 EC® insecticide showed toxicity for both species of cladocerans tested, with effects on
immobility and feeding rate, both at 23 and 33 �C. Score 250 EC® showed to be toxic only for the ex-
periments that analyzed the immobility of C. silvestrii at 23 �C and the feeding of D. smilis at 33 �C,
demonstrating that the effects are species-specific and related to the temperature at which they are
tested. While for species R. subcapitata there was an effect only for mixture treatments of the pesticides
analyzed at both temperatures. Thereby, zooplanktonic organisms may be at risk when exposed to this
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compound even after percolating in a soil column, which could lead to effects on the entire aquatic
trophic chain and that temperature can influence the organism response to the contaminant.

© 2020 Elsevier Ltd. All rights reserved.
Fig. 1. Mesocosm structure emphasizing soil-water interface, mainly focusing on soil-
water transfer via leaching.
1. Introduction

Brazil is the largest consumer of pesticides in the world (Pignati
et al., 2017), consuming the equivalent of ~20% of all those used
worldwide (Fernandes et al., 2020). Despite Brazil being theworld’s
largest consumer of these products, there are few studies evalu-
ating the toxicity of these compounds in a tropical environment.”
Current data do not reflect the reality of the field since climatic
conditions (especially temperature, rainy and humid conditions), as
well as agricultural practices that determine the fate and effects of
pesticides in these environments (Beck et al., 2018; Daam et al.,
2019; Oliveira et al., 2018).

In practice, farmers usually do not follow guidelines recom-
mended by manufacturers of the products, leading to the excessive
use of pesticides in addition to often making mixtures of com-
pounds (Gentil et al., 2019; Mottes et al., 2014; Pouokam et al.,
2017; Settle et al., 2014). As a result, pesticides have been found
in the most diverse tropical environments, from underground
water (Sorensen et al., 2015), water and river sediment (Cornejo
et al., 2019; Nguyen et al., 2019), in marine environments (Alava
and Ross, 2018) and even in the air (Langenbach et al., 2017) and
contaminating both target and nontarget organisms.

Associated with this lack of data in tropical environments,
studies that consider realistic environmental conditions (such as
temperature and natural soil) are even more scarce (Pitombeira de
Figueirêdo et al., 2020), and available studies usually only consider
one ecosystem (i.e., either only a terrestrial or surface water
ecosystem). However, once applied to the soil, pesticides can reach
the water bodies through percolation and runoff processes, espe-
cially in tropical environments with intense rainfall (Chr�etien et al.,
2017; Dores et al., 2016; Moreira et al., 2010). Soils exposed to
higher rainfall intensities leads to a high probability of pesticide
movement into surface and groundwater because they have a
higher hydraulic conductivity (Bloomfield et al., 2006). Also, since
soil property varies with type and water content of soil (Donga
et al., 2020), it directly influences the toxicity of these com-
pounds since higher soil water content will result in an increased
degradation rate of pesticides as already proved in the literature
(P�erez-Lucas et al., 2019).

Currently, studies evaluating pesticides toxicity are concen-
trated in isolated environments, such as surface water, soil, or even
sediment, and there are still few studies that evaluate the toxicity in
percolates or groundwater (Carriquiriborde et al., 2014; Machiwal
et al., 2018). However, some studies already determine presence
for several pesticides in these environments (El Alfy and Faraj,
2017; Navarrete et al., 2018; Polanco-Rodríguez et al., 2020),
demonstrating the need for studies that take into account the soil/
water interaction. Mesoscosms have been used successfully around
the world in studies aimed at a more realistic and integrative
approach aiming to evaluated both direct and indirect effects on
organisms, thus allowing a better understanding of the impacts of
pesticides on organisms, as well as their populations and com-
munities (Kobashi et al., 2017; Sz€ocs et al., 2015)

In view of this, the aim of the present study was to evaluate the
toxicity of leachate using an ecosystem model (mesocosm)
contaminated with two pesticides used in strawberry culture, the
insecticide/acaricide Kraft 36 EC® (a.i. abamectin) and the
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fungicide Score 250 EC® (a.i. difenoconazole), isolated and in bi-
nary mixture, to aquatic organisms (Ceriodaphnia silvestrii, Daphnia
similis and Raphidocelis subcapitata), at two different temperatures
(23 and 33 �C), simulating realistic field conditions.

2. Materials and methods

For this study, two pesticides commonly applied in strawberry
cultivation (Novelli et al., 2012; Nunes et al., 2016; Pitombeira de
Figueirêdo et al, 2019, 2020; Sanches et al., 2017a) were used in
the experiments. The insecticide/acaricide Kraft 36 EC® (36 g/L)
that has abamectin as its active ingredient, a compound from the
family of avermectins. It is commonly used in the control of the
mite Tetranychus urticae, is able to be reapplied by spray drift every
7 days diluted in water. Score 250 EC® is a systemic fungicide
(250 g/L), a.i. difenoconazole, used to combat the species Mycos-
phaerella fragariae, and can be reapplied every 14 days also in
aqueous solution with spray drift, as recommended in the product
instructions provided by the manufacturers (10.8 g abamectin/ha
and 20 g difenoconazole/ha).

2.1. Mesocosm experiment

Aiming at integrating soil/water, mesocosm filled with 100 kg
natural soil (latosolo, 11.1% organic matter; cation exchange ca-
pacity (CEC) 3.52 (cmolc/kg); 35% clay, 21% silt, 22% fine sand, 20%
medium sand, 2% coarse sand) in a conical tank that allowed the
percolation of the leachate were used (Fig. 1). There were three
replicates for each treatment: Kraft (K), Score (S), Kraft þ Score
(K þ S) and a control, therefore totaling 12 mesocosm. The pre-
cipitations were simulated twice a week (days 1, 4, 8, 11, 15 and 18),
the first precipitation was 35L (to soak the soil) and the others 5L
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with the samewater used to prepare the culture medium of the test
organisms, that is, uncontaminated water. Pesticides were applied
(hand sprayers) once a week and the concentration used was the
recommended dosage for strawberry crop (10.8 g abamectin/ha
and 20 g difenoconazole/ha). For the application, in the isolated
treatments, the solutions were diluted using 1 L Milli-Q® water
(4.8 ml Kraft 36 EC® and 1.3 ml Score 250 EC®), while for mixtures,
the same pesticides amounts were diluted in 0.5 L Milli-Q® water,
thus adding 1 L of solution for contamination. In the controls, only
Mili-Q® water (1L) was applied. The simulators were kept in
temperature controlled room at either 23 or 33 �C and a photo-
period (12h light/12h dark). For a more detailed account of the
methodology, see Pitombeira de Figueirêdo et al. (2020).

2.2. Test and culture organisms

Organisms used in all experiments, i.e. the cladocerans
C. silvestrii (native) and D. similis (exotic and widely used in toxicity
tests) and the microalgae R. subcapitata (broad geographic distri-
bution), were cultured at the NEEA/CRHEA laboratories - EESC/USP.
Each species was maintained and cultured following standards
defined by the Brazilian Association of Technical Standards (ABNT)
(ABNT, 2018, 2017, 2016). The same standards were used to conduct
toxicity tests for these species on each precipitation day (days 1, 4,
8, 11, 15 and 18), so the toxicity tests were conducted six times. In
addition, a toxicity test was carried out with reference substances
for each species (KCl e C. silvestrii and NaCl e D. similis). In addition
to the acute toxicity tests (cladocerans) and chronic effects (algae)
of the pesticides, post-exposure tests were performed with
D. similis and C. silvestrii that survived the acute test, through
evaluation of changes in the feeding rate. This was done following
the protocol developed by McWilliam and Baird (2002), by evalu-
ating the 4h consumption rate of 10 cladocerans in 15 mL ASTM
medium (ASTM, 1980) containing 4.6 � 105 mL R. subcapitata cells.

2.3. Chemical analyses

Concentration of stock solutions were verified using an HPLC-
DAD (Agilent 1200 series), with C18 column (4.6 � 250 mm,
5 mm) and isocratic mobile phase (acetonitrile, 1% water with acetic
acid 95.5%), an injection volume of 20 mL and flow rate of 1 mL/
min, which was injected three times. Abamectin was detected and
measured at 246 nm (with retention times, RT of 3.6 min), whereas
difenoconazole at 220 nm (RT ¼ 7.3 min), with limits of detection
and quantification of 0.05 mg/L and 0.16 mg/L for abamectin and
0.01 mg/L and 0.03 mg/L for difenoconazole, respectively (Moreira
et al., 2017; Sanches et al., 2017b).

In the leachate test physicochemical parameters were analyzed,
including the parameters recommended by the standards for the
tested species (pH-Micronal B374 potentiometer, dissolved oxygen-
YSI 55 25FT, conductivity- Orion model 145, turbidity and total
dissolved solids - Orion model 145 - direct reading on equipment),
hardness and nutrient concentrations (nitrogen and total phos-
phorus, nitrate, nitrite, ammonium ion, silicate, total dissolved
phosphorus and inorganic phosphorus) contained in the samples
(APHA, 1995; Golterman et al., 1978; Koroleff, 1976; Mackereth
et al., 1979)

2.4. Statistical analyses

Initially, to reduce dimensionality of the physical-chemical
variables (k ¼ 15), a principal component analysis (PCA) was per-
formed based on the variance and covariance matrix of the scaled
data obtained from the analysis of the leachate during the events
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that simulated the rain. Retained principal components (PCs) were
determined based on the scree plot of the respective eigenvalues.
The retained components were used as covariables in the Gener-
alized Mixed Linear Model (GLMM), in which the analyzed treat-
ments (Kraft, Score, Kraft þ Score and Control) were used as
explanatory variables, as well as the two temperatures tested (23 �C
and 33 �C) and their interactions. Rain was added as a random
effect.

The choice of the best model was made using theAkaike Infor-
mation Criterion (AIC), corrected for a small sample size (AICc). The
significance of each of those explanatory variable were based on a
hierarchical procedure, conducted from the full model and
compared it with simpler models, first taking off the random effect,
followed by Principal Components, interaction temperature-
treatment, and by each factor (Table 1). The best model was that
one with the lowest AIC, and differences between models were
considered when DAIC was more than two units (Burnham and
Anderson, 2002; Hobbs and Hilborn, 2006).

The response variables for the cladoceran models were:
immobility (acute test), modeled using a binomial probability dis-
tribution and logit link function; feed rate (post exposure test) and
algal cell growth were considered to have a gamma distribution
and a log link function. The data variability, as well as the structure
of the models used was verified by means of the residual diagnosis.
PCA was performed using the standard princomp function and
GLMM was carried out using (R Core Team, 2018) and the “lme400

package (Bates et al., 2015), considering the control group as a
reference treatment at 23 �C and a 5% significance level.
3. Results

The first three PCs were retained and accounted for 75% of the
total variance (Figure S1) PC1 (50%) was strongly correlated with
nitrite, nitrate, ammonium ion, total dissolved phosphate, pH,
conductivity, salinity, hardness, total dissolved solids and turbidity.
In turn, PC2 (14.7%) was correlated with silicate, total phosphorus
and total nitrogen. Finally, PC3 (10%) was represented only by dis-
solved oxygen (Fig. 2).

The laboratory control for all tested species had their premises
accepted, according to the standard for each species, for the per-
formance of the tests at both temperatures, with survival above 90%
for C. silvestrii and D. similis and growth rates were >1 over 96h test
duration for R. subcapitata (Fig. 3). Tests carried out with reference
substance for C. silvestrii presented averages (±standard deviation)
of 1.34 (±0.23) g NaCl.L�1 for 2016 and 1.21 ± (0.25) g NaCl.L�1 for
2017, while D. smilis had averages (±standard deviation) of 611.05
(±87.62) mg KCl.L�1 and 611.68 (±74.70) mg KCl.L�1 for tests per-
formed also with reference substances in 2016 and 2017, respec-
tively. In Ceriodaphnia and daphnia test, individuals that were
unable to swim within 10s after gentle agitation of test vial were
considered immobilized.

When analyzing C. silvestrii’s immobility, it was determined that
the best model to describe the data was the complete model that
showed that all explanatory variables are important to the model
(Table S1) and the binomial probability distribution and logit link
function were considered appropriate (Table S1 and Figure S2).
Regarding the coefficients of the best model, significant p-values
were obtained for all variables analyzed (Fig. 4A; Table S2), except
for treatments based on the fungicide Score 250 EC® at 33 �C. In
addition to this, the effect of dissolved oxygen (PC3) was not
significative (p ¼ 0.10). For the immobility of D. similis, the best
model was also the complete model, with appropriate probability
distribution and link function (Table S3 and Figure S4). Significant
differences were observed for Kraft 36 EC® and Kþ S treatments (in



Table 1
Comparison of results of the models used in GLMM (Generalized Linear Mixed Model). Explanatory variables: temperature (23 and 33 �C), treatments (control e without
contamination; K- Kraft 36 EC®; S- Score 250 EC®; Kþ S -mixture Kraft 36 EC® and Score 250 EC®), physico-chemical parameters grouped intomain components (PC1, PC2 and
PC3) and interaction temperature and treatment. Rain: random effect. þ: factor presence in the model. NA: factor absence in the model.

(Intercept) Temperature Treatments PC1 PC2 PC3 Interaction (temperature): (treatment) Random effect

Complete þ þ þ þ þ þ þ
m1 þ þ þ þ þ þ NA
m2 þ þ þ þ NA þ þ
m3 þ þ þ NA þ þ þ
m4 þ þ NA þ þ þ þ
m5 þ þ þ þ þ NA þ
m6 þ þ NA NA NA þ þ

Fig. 2. Principal component analysis (PCA) representing the distribution of the
analyzed physico-chemical parameters of the leachate obtained during the simulation
of the six rains in the mesocosms. Legend: NO2¼Nitrite; NO3¼Nitrate; NH4

þ¼Ammo-
nium ion; SiO2 ¼ silicate total; PTD ¼ dissolved phosphorus; Pi ¼ Inorganic phosphate;
Ntotal ¼ Total nitrogen; Ptotal ¼ Phosphorus total; pH; DO ¼ Dissolved oxygen;
Conductivity; Salinity; Hardness; TDS ¼ Total dissolved solids; turbidity. A:PC1 x P2, B:
PC1 x PC3 and C: PC2 x PC3.

Fig. 3. Laboratory control (mean ± standard deviation) of A- Ceriodaphnia silvestrii
immobility, B- Daphnia similis immobility and C- Raphidocelis subcapitata growth rate,
during days 1, 4, 8, 11, 15 and 18 of the experiments, realized at 23 and 33 �C.
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23 and 33 �C) and all physical chemical parameters (Fig. 3B;
Table S4). These data show that acaricide Kraft 36 EC® is the most
toxic treatment for both tested organisms.

For the tests carried out with the surviving organisms of the
acute test (post exposure), the best model for C. silvestriiwas model
6 (Table S1 and Figure S3), that is, there was no significant rela-
tionship between the physicochemical parameters and the
response variables (Table S2). Significant p-values (Fig. 5A) were
4

found for organisms exposed to Kraft 36 EC® (at 23 and 33 �C). The
increase in temperature when evaluated in isolation also presented
a significant p-value, therefore interfering in the feeding rate of
these organisms.

The results for the post exposure test with D. similis (Table S3)
and for the test with R. subcapitata (Table S5) found that the best
model proposed was the complete model (Figure S5 and S6,
respectively) when comparing both AICc values and residue dis-
tribution for tested models, demonstrating a good adherence to the
data. However, for post-exposure testing with D. similis, show sig-
nificant effects (p < 0.05) with organisms exposed to isolated
pesticides (K and S), at both temperatures tested (Fig. 5B), as well as
for components three (Table S4).

For the algae test, significant effects were observed for the
physicochemical parameters, except for dissolved oxygen, as well
as for temperatures when analyzed as an isolated factor (Table S6).
For the analyzed treatments, significant differences were found for
the pesticide mixture at 23 and 33 �C, as well as for the fungicide
when applied isolated (S) at 33 �C (Fig. 6). However, for Score
250 EC® the graph shows that the effect for this compound is
positive for this species, producing a slight increase in the
R. subcapitata growth rate.



Fig. 4. Immobility (mean ± standard deviation) of Ceriodaphnia silvestrii (A) and Daphnia similis (B) when exposed to C e control (without contamination), Kraft 36 EC® (K), Score
250 EC® (S) and mixture Kraft 36 EC® and Score 250 EC® (K þ S). Experiments conducted at 23 and 33 �C. *p < 0.05 compared by the GLMM (Generalized linear mixed model).

Fig. 5. Feeding rate (mean ± standard deviation) of Ceriodaphnia silvestrii (A) and Daphnia similis (B) when exposed to C e control (without contamination), Kraft 36 EC® (K), Score
250 EC® (S) and mixture Kraft 36 EC® and Score 250 EC® (K þ S). Experiments conducted at 23 and 33 �C. *p < 0.05 compared by GLMM (Generalized linear mixed model).

Fig. 6. Growth rate (mean ± standard deviation) of Raphidocelis subcapitata when
exposed to C e control (without contamination), Kraft 36 EC® (K), Score 250 EC® (S)
and mixture Kraft 36 EC® and Score 250 EC® (K þ S). Experiments conducted at 23 and
33 �C.
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4. Discussion

Among the analyzed organisms, it was observed that the
cladoceran species (D. similis and C. silvestrii) were more sensitive
to the tested compounds than the analyzed algae species
(R. subcapitata). This is in agreement with the data reported by
Ccanccapa et al. (2016), who evaluated the effects of 50 pesticides
on species of three trophic levels (algae - unknown species,
daphnia - D. magna and fish - Oncorhynchus mykiss) and demi-
onstrated that D. magna was the most sensitive species among the
tested organisms. However, in the same experiment it was identi-
fied that the pesticides of the azole class (class the fungicide Score
250 EC® belongs to) showed toxicity to algae while in our study no
effects of the fungicide for R. subcapitatawere identified. Relatively
low toxicity (as compared to crustaceans) of triazole fungicides
(tebuconazole and tetraconazole) to R. subcapitata was also shown
recently in the literature by Marinho et al. (2020). Fletcher et al.
(2000) relates this low toxicity of triazoles to the fact that this
group of pesticides has the potential to protect photosynthetic
5

organisms from stress, since they increase the defenses of antiox-
idant systems.

This tolerance of the species R. subcapitata to pesticides that are
not in the herbicide class, such as insecticides, has also been re-
ported by Silva et al. (2018). In this study, the authors found an EC50
value of 4067 (2781e7882) mg/L for the insecticide chlorpyrifos,
while for the herbicide terbuthylazine the EC50 value was 65
(46e100) mg/L. The specificmode of action of herbicides, commonly
related to photosystems or plant enzymes (Sherwani et al., 2015),
justifies the high toxicity of these compounds to autotrophic or-
ganisms, showing a clear relationship between sensitive species
and the herbicide’s mode of action. Regarding fungicides, effects
were observed in green algae species, such as R. subcapitata, mainly
in compounds related to biosynthesis pathway for ergosterol, such
as fenpropidin and fenpropimorph, which demonstrated high
toxicity to this species (Coors et al., 2018). This would happen, ac-
cording to the authors, to the fact that in the synthesis of sterols,
including ergosterol, in several phyla, a large number of different
enzymes is necessary.

The sensitivity of zooplankton species to pesticides, as shown in
our study, was also reported Cruzeiro et al. (2017) for the species
Artemia salina and D. magna. When they analyzed environmental
samples from the Douro estuary in which there were 54 different
pesticides, they found D. magna was extremely sensitive to this
mixture of compounds, with mortalities 3- to 4-fold higher than for
artemia. For Kraft 36 EC® acaricides, when constructing the species
sensitivity distribution curves (SSDs), Moreira et al. (2017) reported
that D. similis is the most sensitive among the other aquatic in-
vertebrates, whereas for the 250 EC® fungicide Score, D. magna
showed the highest sensitivity. Analyzing the immobility averages
for the two studied pesticides, it can be observed that at 23 �C the
toxic effect is very similar for both species with Kraft 36 EC®, iso-
lated and in mixture, and more toxic than Score 250 EC® isolated.
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However, at 33 �C it is possible to identify a greater sensitivity of
C. silvestrii when compared to D. similis, for all treatments, with
high immobility even for the isolated Score 250 EC®.

The high sensitivity to pesticides of C. silvestrii compared to
other crustaceans was also shown by Mansano et al. (2018), who
identified C. silvestrii as the most sensitive, followed by D. magna
when compared with five other crustaceans (Tigriopus japonicus,
Artemia salina, Hydroides elegans, Aiptasia sp. and Balanus amphi-
trite) exposed to the pesticides diuron and carbofuran. Tropical
species were also more sensitive when compared to temperate
species, according to Pham and Bui (2018), when comparing the
sensitivity of D. magna and D. lumholtzi to the insecticide diazinon.
Moreira et al. (2016) also identified a greater sensitivity of tropical
species of rotifers exposed to fungicides when compared with
temperate species. According to authors, such as Daam and Rico
(2016), using native species to assess pesticide risks is essential,
as it reduces the uncertainty in the extrapolation of toxicity data,
since in tropical countries it is very common to use data from
temperate regions for those assessments (Raymundo et al., 2019).

In addition to the immobility criterion, C. silvestrii and D. similis
also showed they were susceptible in the two temperatures tested
for the acaricide Kraft 36 EC® regarding their ability to feed. An
effect for D. similis exposed to Score 250 EC® alone at both 23 and
33 �Cwas also observed. The reduction in the feed rate of organisms
exposed to pesticides was also reported in the literature as an
important endpoint since this reduction can have consequences for
the energy balance and for the reproduction of species (Agatz et al.,
2013; Agatz and Brown, 2013; Arias et al., 2020; Barata et al., 2008).
In addition, the reduction in the organism’s feeding rate has been
shown to be negatively related to growth and reproduction, leading
to a reduction in the number of organisms at the population level
(Ribeiro et al., 2014). This was demonstrated by the study by Araujo
et al. (2019) who saw a decrease in the rate of population increase
(r) in two monophyletic species of Daphnia exposed to lead and
mancozeb.

Authors such as Sancho et al. (2009) consider the feeding rate as
a more sensitive parameter when compared to other sublethal
parameters such as, glycogen, lipid, protein, and caloric content.
However, Salesa et al. (2017) did not identify any effect on feeding
of D. magna when exposed to gemfibrozil at two different tem-
peratures (22 and 28 �C). Comparing the effects of the fungicide
mancozeb to D. magna and D. similis, Araujo et al. (2019) found a
decrease in the feeding rate of D. similis at concentrations above
0.9 mg mancozeb/L, whereas for D. magna there was no effect of
feeding rate at the concentrations tested (0.15, 0.37 and 0.52 mg/L),
thus demonstrating a greater sensitivity of the tropical species to
the compound. Increased feeding rates after removal of the stressor
have also been observed previously, which have been explained as
a compensation mechanism for the energy loss related with the
stress (Ferreira et al., 2008; McMahon and Rigler, 1965). This is in
agreement with the increased feeding rate that was observed for
both species and at both temperatures after exposure to Kraft in the
present study (Fig. 5).

According to Cerezer et al. (2020), higher temperatures may
have an indirect effect on the response of organisms to chemical
compounds, limiting their defense capacity, which could reduce
their harmful effects at cellular level. Moreover, under these con-
ditions, increases in organic molecule intake may occur, increasing
their toxic potential, accelerating metabolism and expending en-
ergy reserves. Effects were observed in the study by Jacquin et al.
(2019), with the fish Carassius auratus, exposed to realistic condi-
tions with rivers close to agricultural areas of France, contaminated
with mixtures of herbicides of different modes of action. They
found that the increase of 22 �C to 32 �C intensified the harmful
effect at the molecular and cellular levels. Laetz et al. (2014) found
6

similar results converging to this behavior, in which the increase in
neurotoxicity in juvenile silver salmon caused by the mixture of
pesticides is directly related to the increase in temperature.

5. Conclusions

Among the aquatic species analyzed, the cladocerans C. silvestrii
and D. similis proved to be sensitive especially to the insecticide
Kraft 36 EC®, as already reported in previous study (Moreira et al.,
2020). For the two temperatures tested (23 and 33 �C) effects on
immobility as well as the feeding rate were found, demonstrating
that zooplanktonic organisms may be at risk when exposed to this
compound even after percolating in a soil column, which could lead
to effects on the entire aquatic trophic chain. However, the
R. subcapitata algae was sensitive only to pesticide mixtures when
tested under these methodological conditions.
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