
Ecotoxicology (2019) 28:1105–1114
https://doi.org/10.1007/s10646-019-02115-0

Toxic effects of pyrethroids in tadpoles of Physalaemus gracilis
(Anura: Leptodactylidae)

Guilherme V. Vanzetto1
● Jéssica G. Slaviero1 ● Paola F. Sturza1 ● Camila F. Rutkoski1 ● Natani Macagnan1

●

Cassiane Kolcenti1 ● Paulo A. Hartmann1
● Claudia M. Ferreira2 ● Marilia T. Hartmann1

Accepted: 20 September 2019 / Published online: 5 October 2019
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
Pyrethroid insecticides are one of the most commonly used pesticide groups, but these compounds have brought risks to
non-target species, such as amphibians. This study evaluated the toxicological effects (mortality, swimming activity and oral
morphology) caused to a South American species of anuran amphibian, Physalaemus gracilis, exposed to the pyrethroids
cypermethrin and deltamethrin. Total spawnings of this anuran were collected in the natural environment and transported to
the laboratory where they were kept under controlled conditions. Chronic assays were defined between 0.1 and 0.01 mg L−1

of cypermethrin, and 0.009 and 0.001 mg L−1 of deltamethrin. For cypermethrin, a further chronic toxicity test was
performed at 0.05 and 2.0 mg L−1, with hatchlings at stages S.20–S.25. Cypermethrin and deltamethrin were lethal enough
to kill over 70% of exposed tadpoles in 1 week at concentrations that can be found in nature (0.01–0.1 mg L−1). The
exposure effects also influenced swimming activity and caused changes in oral morphology, which would make it difficult
for the animals to survive in their natural habitat. Both pyrethroids presented a risk for P. gracilis, so they should be re-
evaluated for non-target wild species.
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Introduction

Pyrethroids are insecticides of plant origin, obtained from
flowers of the Chrysanthemum genus (Kumar et al. 2005),
and are considered one of the most commonly used agro-
chemical groups (Saillenfait et al. 2015). Pyrethroid insec-
ticides cause immediate paralysis, mortality and shock
effects that are called Knock-down in insects (Santos et al.
2007). The use of these insecticides is associated with
several negative environmental impacts, mainly concerned
with toxicity in non-target species, such as bees (Del Sarto
et al. 2014), aquatic arthropods (Grisolia 2005; Gutiérrez

et al. 2016), fish (Montanha and Pimpão 2012; Viran et al.
2003), mammals (Kaneko 2011) and amphibians (Aydin-
Sinan et al. 2012; Macagnan et al. 2017; Wrubleswski et al.
2018).

Cypermethrin and deltamethrin are among the more toxic
synthetic pyrethroids (Smith and Stratton 1986), especially
towards aquatic organisms (Sánchez-Bayo 2012). These
two pyrethroids are applied mainly in public health to
control the vectors of diseases, such as malaria (Galardo
et al. 2015), dengue, yellow fever, chikungunya and Zika
virus (e.g., Bellinato et al. 2016; Rodríguez et al. 2017), in
addition to several insects and mites in cattle (Mendes et al.
2011). Both insecticides are commonly used for pest con-
trol, and residues of these insecticides are present in
worldwide surface waters of agricultural and urban areas
(Jabeen et al. 2015; McKnight et al. 2015).

In Brazil, cypermethrin is the best-selling pyrethroid
insecticide (Ribeiro and Pereira 2016), despite being clas-
sified as highly toxic and risky to the environment by the
National Health Surveillance Agency (ANVISA 2019). In
other countries, such as the United States, it has restricted
use due to its high toxicity to fish (Bhutia et al. 2015).
Cypermethrin is a persistent chemical that can be leached
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from the soil and transported to nearby waterways, culverts
and sewage drains (Duaví et al. 2015).

Deltamethrin is used in agriculture (Belluta et al. 2010)
and, mainly, in public health in Brazil (Boelaert et al. 2018;
Gentile et al. 2004). This broad-spectrum synthetic insec-
ticide is used intensively as a control method (Clark and
Fernandez-Salas 2013) and, consequently, may appear in
the water (Belluta et al. 2010; Chicati et al. 2012). In Brazil,
the permitted mean value of cypermethrin in water for
human consumption is 0.3 mg L−1 (300 µg L−1) (BRASIL
2014), but there is no legislation on deltamethrin in water.

Amphibians are susceptible to chemical contamination
due to their skin permeability and the dependence of most
species on the aquatic environment for reproduction and
development of tadpoles, which makes them excellent
models for toxicological tests (Buggren and Warburton
2007; Silva et al. 2013). These animals are present in sev-
eral aquatic ecosystems with potential for contamination by
pesticides. In addition, they are among the vertebrates that
suffer most from human activities, resulting in population
decline and the threat of extinction (Kouba et al. 2013).
Despite their vulnerability, toxicological research on
amphibians in Brazil remains rare (e.g., Franca et al. 2015;
Leite et al. 2010; Rutkoski et al. 2018; Santana et al. 2015;
Wrubleswski et al. 2018).

While the effects of pyrethroids on amphibians have
been reported (e.g., Agostini et al. 2010; Aydin-Sinan et al.
2012; Izaguirre et al. 2000, 2006; Macagnan et al. 2017;
Salibián 1992; Svartz and Pérez-Coll (2013); Svartz et al.
2016; Wrubleswski et al. 2018), little is known about how
these products affect wildlife, especially when associated
with aquatic environments. Some studies have shown that
pyrethroids are toxic to amphibians, which can cause phy-
siological changes, morphological abnormalities and
delayed development, besides presenting neurotoxic and
genotoxic potential (Agostini et al. 2010; David et al. 2012;
Lajmanovich et al. 2014; Peltzer et al. 2011; Yu et al. 2013).
These data emphasise the importance of understanding the
effects of these compounds for the preservation of the
species and the ecosystems in which they are inserted.

Physalaemus gracilis (crying frog) is a small anuran
amphibian species (about 3 cm long) (Borges-Martins et al.
2007) from the Leptodactylidae family, native to southern
South America, and occurring in Brazil, Uruguay and
Argentina (Lavilla et al. 2010). It inhabits open areas and,
during the reproductive period, is found in permanent lentic
water bodies (Achaval and Olmos 2007). Physalaemus
gracilis reproduce from spring to summer (September/
March; Achaval and Olmos 2007), with deposition of 400
to 1300 eggs (Camargo et al. 2008) in foam nests on the
water (Borges-Martins et al. 2007; Camargo et al. 2008).
The species is widely distributed, tolerant to a wide range of
habitats (Lavilla et al. 2010), including locations used for

agriculture, and has a rapid tadpole development (Moreira
et al. 2016). Consequently, P. gracilis can be considered a
non-target vertebrate model for evaluating pesticide effects
in studies of wildlife toxicology. In this study, we evaluated
the sub-lethal effects of two pyrethroids (cypermethrin and
deltamethrin) on the mortality, swimming activity and oral
morphology of the anuran amphibian P. gracilis
(Leptodactylidae).

Methods

Pesticides

We used two commercial pyrethroid insecticides, cyper-
methrin (Cipertrin EC [emulsifiable concentrate], 250 g L−1

active ingredient, 723 g L−1 inert ingredient) and deltame-
thrin (Decis 25 EC, 25 g L−1 active ingredient, 886 g L−1

inert ingredient).
To generate pesticide solutions, we dissolved the

commercial-grade solution in distilled water to create a
stock solution of 500 mg L−1. The stock solution was added
with a micropipette to each glass container to obtain the
desired working concentrations. The working concentra-
tions used for tadpoles were 0.01, 0.02, 0.03, 0.05, 0.07 and
0.1 mg L−1 of cypermethrin, and 0.001, 0.0015, 0.003,
0.004, 0.006 and 0.009 mg L−1 of deltamethrin, chosen
because they are below the maximum environmental con-
centration found in streams and rivers, namely
0.11–0.194 mg L−1 for cypermethrin (Belluta et al. 2010;
Marino and Ronco 2005) and 0.005–0.05 mg L−1 for del-
tamethrin (Moraes et al. 2003; Todeschini 2013). For
hatchlings, we tested the cypermethrin concentrations 0.05,
0.1, 0.5, 1.0, 1.5 and 2.0 mg L−1. We adopted different
concentrations between tadpoles and hatchlings assays since
P. gracilis embryos have proven to be more resistant to
cypermethrin (Macagnan et al. 2017). The pesticide was
added at the beginning of the experiment. The pyrethroid
concentrations of the stock solution and experimental units
could not be assessed at the Federal University of Fronteira
Sul because of the absence of available testing laboratories.

The experiments were carried out during 7 days, within the
half-life of the two pesticides. In aqueous solutions and under
normal environmental conditions, cypermethrin presents a
half-life between 9 and 17 days (Mantzosab et al. 2016), and
21 days for deltamethrin (Lutnicka et al. 1999), respectively.

Spawning collection and acclimatisation

Physalaemus gracilis total spawns were collected in the
lake of the Federal University of the Southern Frontier, a
reference area, without pesticides contamination influences
(latitude −27.728681°; longitude −52.285852°), 24 h prior
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to oviposition. The collections occurred from October 2015
to March 2016. For the tadpole test, tadpoles in spawning
condition were matured in the laboratory for about 1 month
until reaching the development stage S.25 (Gosner 1960), in
10-L aquariums with artesian well-water, artificial aeration,
a temperature of 24 ± 2 °C, humidity between 60 and 80%,
and controlled lighting (12/12 h light/dark). The tadpoles
were fed ad libitum with complete feed flakes for fish
(Alcon Basic™; flaky vegetable with 45% crude protein)
every 24 h. The hatchlings test was performed on the same
day of collection. The spawning was placed in aquariums,
and the S.20 embryos were separated with the aid of a
stereomicroscope and placed in the assays.

The well-water used in the aquaria, controls and treatments
had the following characteristics: 20 °C ± 2 °C, pH 7.0 ± 0.5,
dissolved oxygen 5.0 ± 1.0 mg L−1, turbidity < 5, con-
ductivity 160 ± 10 μS cm−1, alkalinity 9.74mg CaCO3.L

−1,
Ca 6.76 mg L−1, Na 44.1 mg L−1, Mg 1.35 mg L−1,
Fe 0.08 mg L−1, Ni < 0.001 mg L−1. The room was accli-
mated under controlled temperature, humidity and lighting,
as described above.

Chronic toxicity assay with tadpoles

The chronic toxicity test (168 h) with tadpoles was per-
formed for cypermethrin and deltamethrin, with tadpoles at
S.25 (Gosner 1960) with operculum covering the gills
(McDiarmid and Altig 1999). The length (10.61 ± 2.72 mm)
and weight (0.09 ± 0.02 g) of tadpoles was measured at the
start of the chronic assay, using a digital pachymeter and an
analytical balance (to the nearest 0.001 g), respectively.

The chronic assays were carried out in static systems, in
vials containing 500 mL of the test solution and a density of
1 tadpole per 100 mL, in six replicates, with 30 tadpoles
exposed for each concentration. The animals were fed daily
with 15% of the live weight, with the same food used in
breeding. The physical–chemical parameters of the accli-
mation water were monitored. Mortality was checked daily,
and dead individuals were removed.

During the chronic study, the swimming activity and oral
malformation were analysed. The swimming activity of
tadpoles was assayed in the presence of cypermethrin at
0.05, 0.07 and 0.1 mg L−1, and 0.004, 0.006 and 0.009 mg
L−1 of deltamethrin, respectively. The swimming activity
was measured once a day, by inducing a circular movement
in the aquarium three times, with the aid of a glass rod, to
stimulate the movement of tadpoles and hatchlings. As a
comparison, the swimming activity pattern was based on
five endpoints, numbered from 0 to 4 (modified from Rut-
koski et al. 2018): (0) swimming movements equal to the
control; (1) reduced movement relative to the control; (2)
increased movement relative to the control; (3) spasmodic
contraction; (4) without swimming activity.

The oral morphology was assessed with cypermethrin at
0.01, 0.02 and 0.03 mg L−1, and 0.001, 0.0015 and
0.003 mg L−1 of deltamethrin. This analysis was performed
at the end of the chronic assay, with the aid of a stereo-
microscope (Axio Scope.A1, AxioCam ERc 5s, Carl Zeiss,
Göttingen, Germany) and Zen 2012 software, and each
mouth was photographed for analysis. The first analysis was
performed blindly, and the changes were observed and
recorded without knowledge of which solution the animal
was exposed. Then, the results of those exposed to pesti-
cides were compared with the negative controls.

Chronic assay with hatchlings

For cypermethrin, the chronic toxicity assay (168 h) with
hatchlings started in the development stage S.20 and ended
when they reached the S.25, which is the earlier stage of
development when the amphibian exits the embryonic gel
coat, and marks the transition from a relatively immobile
embryo to a free-swimming tadpole (McDiarmid and Altig
1999). This phase was chosen for the test because it is the
phase in which swimming activity begins, and the mouth
appears. The hatchlings were placed in 60-mm glass Petri
dishes, with six replicates, and 5 hatchlings per plate,
totalling 30 hatchlings per concentration of insecticide, and
the negative control. The remainder of the assay design was
equal to the chronic test with tadpoles. Dead hatchlings
were removed every 24 h.

The swimming activity was evaluated at all the pyre-
throid concentrations described, using the same analysis
method performed with tadpoles. Oral morphology was
assessed only at the highest concentrations of 1.0, 1.5 and
2.0 mg L−1. Due to the small size of the hatchlings, it was
not possible to detail changes in the oral morphology, such
as the lower and upper jaw and denticles. Hence, only the
presence and absence of changes were identified.

Statistical analysis

Data were analysed for homogeneity of variance (Bartlett’s
test) and normality of the errors (Shapiro–Wilk test) as a
prelude to one-way analysis of variance (ANOVA), and
post hoc Tukey’s test when p < 0.05. Comparisons were
made between: (a) number of deaths at each pyrethroid
concentration and under the various treatments; (b) number
of deaths each 24 h and time of exposure (24, 48, 72, 96,
120, 144 and 168 h); (c) tadpoles swimming activity relative
to pyrethroid concentration; (d) swimming activity each
24 h and time of exposure to pyrethroid; (e) number of
tadpoles with malformation at each pyrethroid concentra-
tion and under the various treatments.

Concentration–response curves of mortality of tadpoles
and hatchlings were adjusted using non-linear sigmoid
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models, by observing the significance of ANOVA and that
of the coefficients of variation and the normality test
(Shapiro–Wilk) for the mean values. The no-observable-
effect concentration (NOEC) and lowest-observable-effect
concentration (LOEC) were determined by the effect on
mortality and swimming activity, using ANOVA, followed
by Dunnett’s test to compare the means of each treatment
with the control, when p < 0.05. The maximum acceptable
toxicant concentration (MATC) was calculated from NOEC
and LOEC and expressed mathematically as the geometric
mean of NOEC and LOEC.

Ecological risk evaluation

The ecological risk was calculated using the hazard quotient
(HQ) approach, where the formula for chronic risk was
used: CHQ= EEC/NOEC. The EEC is an estimated (or
maximum) environmental contaminant concentration. In
this study, we consider the ECC as the maximum con-
centration of the pesticide registered in surface waters
within the geographic range of the studied species. The
EEC for cypermethrin (maximum level) reported within the
geographical range of P. gracilis is 0.194 mg L−1 (Marino
and Ronco 2005), and 0.05 mg L−1 for deltamethrin,
respectively (Todeschini 2013). After HQ was calculated, it
was compared with the United States Environmental Pro-
tection Agency (USEPA 2019) level of concern (LOC),
where the risk presumption for aquatic animals is LOC= 1
for chronic risk. If HQ > 1, harmful effects are likely due to
the contaminant in question.

For comparison, the toxicity exposure ratio (TER;
Damalas and Eleftherohorinos 2011) was also used. TER is
the inverse of HQ and is calculated by dividing the indi-
cated toxic concentration by the predicted environmental
concentration or EEC (chronic risk=NOEC/EEC). When
TER < 10 for chronic risk, assessment is required.

Results

Chronic toxicity

The survival rate of tadpoles was 23.8% during the chronic
trial, with higher survival under deltamethrin treatment than
cypermethrin treatment (17.7%). There was a significant dif-
ference in mortality of P. gracilis tadpoles in relation to the
exposure time (Fcyper (6,42)= 5.66, p < 0.001 and Fdelta (6,42)=
3.76, p < 0.001, significant at 96 and 120 h for both pyre-
throids, Tukey’s test, p < 0.05), but not regarding the con-
centrations (Fcyper (6,42)= 1.01, p= 0.43; Fdelta (6,42)= 0.94,
p= 0.47).

The survival rate of hatchlings during the chronic trial
was 73.3%. There was a significant difference between

mortality and time of exposure (F(6,42)= 3.35, p < 0.01,
significant from 144 h, Tukey’s test, p < 0.05) but not
among the concentrations (F(6,42)= 1.22, p= 0.31). The
survival rate of the control was 90% for tadpoles and
hatchlings.

Concentrations were not significant, but had a mortality
effect, as can be observed in the concentration–response
curve of P. gracilis (Fig. 1). The data over time were added
as supplementary material (Table SM1).

Swimming activity

The tadpoles presented swimming activity different from the
control already in the first 24 h of exposure to the two tested
pesticides. In 48 h, tadpoles showed spasmodic contraction.

For cypermethrin, at the two highest tested concentra-
tions, from 96 h, the tadpoles stopped swimming and pre-
sented lethargy (Table 1). There was a significant difference
in the tadpoles swimming activity relative to pyrethroid
concentration (Fcyper(3,161)= 113, p < 0.001; Fdelta(3,164)=
85.91, p < 0.001, significant at all concentrations, Tukey’s
test, p < 0.05). The length of exposure was significant for
both pyrethroids (Fcyper(6,116)= 5.72, p < 0.001, significant
from 96 h; Fdelta(6,119)= 6.10, p < 0.001, significant from
24 h, Tukey’s test, p < 0.05). The NOEC; LOEC and
MATC for tadpole swimming activity were respectively,
0.05, 0.07 and 0.06 mg L−1 for cypermethrin, and 0.004,
0.006 and 0.005 mg L−1 for deltamethrin.

Hatchlings also had a change in swimming activity from
the first hours of exposure, with spasms in 48 h at the three
highest concentrations of cypermethrin. The change in
swimming activity was significant in the hatchlings exposed
to cypermethrin, regarding the concentration (F(5,246)=
44.28; p < 0.001, significant from 0.5 mg L−1, Tukey’s test,
p < 0.05) and exposure time (F(6,245)= 13.43; p < 0.001,
significant from 72 h, Tukey’s test, p < 0.05). For hatchling
swimming activity, NOEC was 0.1, LOEC was 0.5 mg L−1

and MATC was 0.3 mg L−1.

Oral morphology

A total of 66 tadpoles were analysed for oral morphology
(alive at the end of the chronic toxicity assay), 39 tadpoles
exposed to cypermethrin (n= 20) and deltamethrin (n= 19)
concentrations, and 27 from the negative control (Table 2).
Tadpoles were analysed at the end of the chronic assay
(168 h). Counting only those exposed to pyrethroids, 15
(75%) of the 20 tadpoles exposed to cypermethrin, and 14
(73.6%) of the 19 tadpoles exposed to deltamethrin, pre-
sented alterations. Malformations in oral morphology were
significant for cypermethrin (F(3,20)= 3.51, p= 0.03, sig-
nificant at 0.01 and 0.03 mg L−1, Dunnet’s test, p < 0.05)
but not for deltamethrin (F(3,20)= 2.23, p= 0.11).
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The abnormalities identified in the tadpoles exposed to
cypermethrin included alterations in the upper mandible
(n= 7; 25.6%), lower mandible (n= 4; 23%), upper denticles
line (n= 3; 7.6%), lower denticles line (n= 8; 33.3%), and

upper and lower denticles line (n= 4; 30.7%). Several of
these changes occurred together in the same tadpole (Fig. 2).

Regarding the hatchlings, at the concentration of
1.0 mg L−1, from 27 analysed, 16 presented alterations in
oral morphology (59.2%). At concentrations of 1.5 and
2.0 mg L−1, all analysed individuals presented changes
(100% from 14 hatchlings at 1.5 mg L−1, and 10 hatchlings
at 2.0 mg L−1). No change was observed in the control. This
malformation was significant in the three analysed con-
centrations in hatchlings (F(3,20)= 5.27, p < 0.01, Tukey’s
test, p < 0.05).

Ecological risk evaluation

It was only possible to calculate the ecological risk eva-
luation for swimming activity since it was the only analysis
where the concentration was significant. In the ecological
risk evaluation using HQ, the chronic risk for both pyre-
throids was CHQ > 1, with probable harmful effects. In
TER calculation, the result for chronic risk for cypermethrin
and deltamethrin was below 10, indicating a need for eva-
luation. The results are presented in Table 3.

Discussion

Cypermethrin and deltamethrin were lethal enough to kill
more than 70% of the tadpoles exposed for 1 week to the
concentrations examined in this study. These results are
consistent with acute toxicity, but at concentrations that
may be considered environmentally relevant. Within the
geographic distribution of P. gracilis, cypermethrin has
already been registered in surface waters at concentrations
between 0.11 and 0.194 mg L−1 (Belluta et al. 2010; Marino
and Ronco 2005), while deltamethrin concentrations ranged
from 0.005 to 0.05 mg L−1 (Moraes et al. 2003; Todeschini
2013), levels which lead to a consistent concern about the
toxicity of these insecticides for amphibians. Although
laboratory-forced exposure is continuous and mandatory,
the pesticide concentrations in amphibian habitats are larger
than those tested in this study, as described above. Thus, in
this study, we sought to use sub-concentrations relative to
found in surface waters in Brazil, in addition to limiting
exposure to a short time, inside the half-life of the insecti-
cides. Nonetheless, the studied concentrations were strong
enough to kill a significant number of tadpoles in the 7-day
continuous exposure period.

The two pyrethroids altered the swimming of tadpoles
and hatchlings of P. gracilis at a level that would hinder the
survival of the animals in their natural habitat. Recovery of
swimming activity was observed in hatchlings exposed to
0.05 mg L−1 cypermethrin, but at this same concentration,
the tadpoles presented spasmodic contractions at 48 h of
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Fig. 1 Concentration–response curve of Physalaemus gracilis tadpoles
exposed to distinct concentrations of cypermethrin (a) and deltame-
thrin (b) and hatchlings exposed to cypermethrin (c) during the chronic
toxicity
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exposure. A large number of tadpoles and hatchlings with
spasms and paralysis at the end of the 7-day exposure may
be related to the neurotoxic effects of these pyrethroids. The
paralysis caused by cypermethrin, and the dramatic reduc-
tion of swimming caused by deltamethrin, might be inter-
preted as a neurological effect (Materna et al. 1995;
Narahashi 1992). Other studies with pyrethroids also report
an alteration in tadpole swimming (Biga and Blaustein 2013;
Edwards et al. 1986; Junges et al. 2017; Macagnan et al.
2017; Wrubleswski et al. 2018), associating these effects
with the toxicity of the compounds on the nervous system
(Velásquez et al. 2017; Yilmaz et al. 2008). In nature,
reducing swimming increases the risk of predation (Pérez-
Iglesias et al. 2015), making the food demand unfeasible and
generating growth and development delays (Bridges 1997).
To compensate for the toxic effects of pesticides, amphi-
bians expend energy trying to restore their physiological
balance, which can cause changes in swimming activity and

reduction of physiological fitness and physical structure, as
well as or, also, death (Greulich and Pflugmacher 2003;
Pérez-Iglesias et al. 2015). Together, these factors impact on
the life history of the animal and, consequently, on the
population exposed to pyrethroids.

Besides causing a reduction in swimming activity, both
studied pyrethroids caused mouth malformation, with par-
tial or total absence of the mandible and denticles. The
tadpole buccal structure acts to grasp and manipulate food:
jaws cut large foods into smaller pieces, and teeth rows act
as scrapers to remove food from rocks and plant surfaces
(Vitt and Caldwell 2014). Any abnormality in the mouth is
a disadvantage in nature, as it affects the individual’s ability
to obtain food. Morphological abnormalities were found in
other amphibians exposed to cypermethrin (Agostini et al.
2010; David et al. 2012; Greulich and Pflugmacher 2004),
including mouth abnormalities in Boana pulchellus
(Agostini et al. 2010).

Table 1 Aquatic activity of
Physalaemus gracilis exposed to
cypermethrin and deltamethrin

Agrochemicals Concentration (mg/L) Swimming activity

24 h 48 h 72 h 96 h 120 h 144 h 168 h

Cypermethrin (tadpole) 0.05
0.07
0.1

1
1
1

3
3
3

3
3
3

3
4
4

3
4
4

3
4
4

3
4
4

Deltamethrin (tadpole) 0.004
0.006
0.009

1
1
1

3
3
3

3
3
3

3
3
3

3
3
3

3
3
3

3
3
3

Cypermethrin (hatchling) 0.05
0.1
0.5
1.0
1.5
2.0

1
1
1
1
1
1

1
1
1
3
3
3

1
1
3
3
3
3

1
1
3
3
3
3

1
1
3
3
3
3

1
1
3
4
4
4

1
1
3
4
4
4

Endpoints: (0) swimming movements equal to the control; (1) reduced movement relative to the control; (2)
increased movement relative to the control; (3) spasmodic contraction; (4) without swimming activity. The
pattern presented below is the mode, that is, the pattern that has been repeated the most

Table 2 Number of tadpoles and
hatchlings of Physalaemus
gracilis with alterations in oral
morphology

Group Pyrethroid
concentration (mg/L)

Analysed
individuals

Number of individuals with
alterations and percentage (%)

Negative control of
tadpoles

0.00 27 2 (7.4)

Cypermethrin
(tadpoles)

0.01 5 5 (100)

0.02 8 6 (75)

0.03 7 4 (57)

Deltamethrin
(tadpoles)

0.001 8 6 (75)

0.0015 5 2 (40)

0.03 6 6 (100)

Negative control of
hatchlings

0.00 27 0 (0)

Cypermethrin
(hatchlings)

1.0 27 16 (59)

1.5 14 14 (100)

2.0 10 10 (100)
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The ecological risk assessment (ERA) aims to evaluate
the likelihood and extent of adverse effects that may occur
or are occurring as a result of exposure to pollutants
(USEPA 2019). The ERA is a tool for decision-making
(Hill et al. 2000) and can be used for regulatory purposes, as
well as in the development of environmental quality
guidelines (Solomon and Takacs 2001). Both pyrethroids
tested in this study presented a chronic risk for swimming
activity of P. gracilis, showing that they are toxic to
amphibians and should be re-evaluated for native non-target
species. Brazilian regulation allows 0.3 mg of cypermethrin
per litre of water (BRASIL 2014), which is above the

maximum acceptable toxicant concentration observed for
swimming activity of tadpoles, and equal to the MATC for
hatchlings of P. gracilis. For deltamethrin, there are no
regulations or other studies showing the risk of this sub-
stance to native species.

The species studied here is found in agricultural areas
(Moreira et al. 2014) with tadpoles developing at the bottom
of temporary puddles, lakes and lagoons (Loebmann 2005),
with potential for contamination by pesticides, such as
pyrethroids. Commercial formulations of cypermethrin have
been shown to be more toxic than the isolated active
ingredient of cypermethrin, and it also remained viable in

Fig. 2 Changes in the oral morphology of Physalaemus gracilis
exposed to cypermethrin and deltamethrin. a Tadpole from the nega-
tive control, unchanged. b Absence of denticles and partial absence of
lower jaw. c Absence of denticles and absence of upper jaw. d

Absence of lower denticles. e Absence of denticles and partial absence
of upper jaw. f Absence of denticles and mandibles. (Arrows) Absence
of jaws. (Stars) Absence of denticles. Axio Scope.A1, Carl Zeiss.
Increased 10×
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the freshwater aquatic ecosystem for a longer period
(Majumder and Kajirav 2015). For deltamethrin, it is known
that the commercial formulation may cause ecologically
significant effects on aquatic systems (Giddings et al. 2014).

Conclusions

In conclusion, this study showed that the pyrethroids del-
tamethrin and cypermethrin were significantly toxic to the
larval phase of P. gracilis. Thus, tadpoles exposed to
cypermethrin and deltamethrin in their natural environment
may undergo changes that would lead to the reduction of
populations and communities. The chronic concentrations
used in this study are very low in relation to those observed/
quantified in the environment, which leads to a real concern
about the survival of the populations of anurans, mainly of
P. gracilis. As demonstrated by the results of this study,
exposure to pyrethroids may impair skills required for the
species survival.
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