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Abstract Atrazine (ATR), one of the most widely used
herbicides in the world, affects not only target organisms
but also the biota in general. Here, the teratogenic and
neurotoxic effects of ATR on Rhinella arenarum (South
American toad) embryos, and larvae were evaluated by
means of standardized bioassays during acute and chronic
exposures. The herbicide had a significant incidence of
malformations, with a Teratogenic Index (TI) of 3.28. The
main effects were delayed development, reduced body size,
microcephaly, axial flexures, wavy tail and edema. In
addition, delayed development, reduced development of
forelimbs, and edema were recorded at metamorphosis
stages. Scanning electron microscopy allowed observing
different degrees of cellular dissociation and persistent
cilliar cells in specific regions like the adhesive structure
and tail fin. Results obtained by ATR 24 h pulse exposures
at six developmental stages pointed out blastula as the most
susceptible developmental stage both for immediate and
delayed adverse effects. A noteworthy recovery capacity
from acute toxic effects was recorded from the neural plate
stage onwards. Regarding neurotoxic effects, abnormal,
and erratic swimming and spasmodic contractions were
recorded. Both the teratogenic and neurotoxic effects
reported in this study demonstrate the importance of
evaluating sublethal effects in non-target organisms as they
could imply reduced fitness of individuals and eventually a
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population decline. The Hazard Quotients (HQ) for ATR
ranged from 0.14 to 10.80, and the fact that some of these
values are above USEPA’s level of concern indicate that
ATR is likely a risk to R. arenarum.

Keywords Atrazine - Rhinella arenarum - Amphibian
development - Sublethal effects - Teratogenesis -
Neurotoxicity

Introduction

Among the growing impacts of agricultural activities is the
generation of huge toxic residuals that affect the quality of
soil and water. This can result in significant costs in the
short, medium, and long term for both human and envi-
ronmental health, reducing the biodiversity of native flora
and fauna and encouraging the resistance and emergence of
new pests and diseases (Herzog and Funderburk 1986).
Atrazine (ATR) is a triazine compound (2-chloro-4-ethy-
lamino-6-isopropylamino-s-triazine), used as a selective
systemic herbicide to control the appearance of weeds in
crops, pastures, and the growth of aquatic weeds in lakes
and ponds. ATR is one of the most widely used herbicides
in grain-producing countries such as the USA, Brazil, and
Argentina, where 7.6 million L/year are used (CASAFE
2011). However, due to its toxicity, it has been banned in
some regions, such as the European Union, since 2004
(Sass and Colangelo 2006). Among the most severe effects,
ATR was associated with cancer, endocrine disruption, and
teratogenesis in non-target vertebrates, including humans
(Cooper et al. 2000; Pintér et al. 1990; Simic et al. 1994;
Wetzel et al. 1994). Moreover, increased chromosomal
aberrations were noted in lymphocyte cultures of farm
workers exposed to ATR (Yoder et al. 1973).
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An alarming amphibian population decline has been
reported worldwide since 1969 (Alford and Richards 1999;
Blaustein and Wake 1990; Houlahan et al. 2000; Kiesecker
et al. 2001). There are several hypotheses on this phe-
nomenon, including toxicity produced by chemical con-
taminants such as pesticides (Beebee and Griffiths 2005;
Mann et al. 2009; Relyea 2009). These factors can interact
synergistically to exacerbate the decline in population
numbers. Amphibians can be exposed to pesticides in
agroecosystems by many routes, but perhaps the most
likely one is agricultural runoff in amphibian breeding sites
(Hayes et al. 2003). Levels up to 12.7 mg/L ATR have
been detected in natural waters (Bushway et al. 1991;
Davies et al. 1994). Studies on the sublethal effects of ATR
have reported the following: malformations: tail flexure,
wavy tail, facial edema, and axial shortening with a no-
observed-adverse-effect level (NOAEL) in Bufo americ-
anus (American toad) embryos for deformity of 2.59 mg/L
ATR (Allran and Karasov 2001); increase in intersex
gonadal tissues in both Rana pipiens (northern leopard
frog) and Xenopus laevis (African clawed frog) chronically
exposed to 0.1 pg/LL ATR (Carr et al. 2003; Hayes et al.
2002); and neurotoxic effects such as abnormal swimming
and abnormal avoidance response in tadpoles of Ptycha-
dena bibroni (broad-banded grass frog) chronically
exposed to 0.2-0.6 pg/L (Ezemonye and Tongo 2009). The
previous references correspond to studies with continuous
exposure, but pulse-exposure experiments, by using high
levels of contaminants, might bring valuable information
about toxic effects on wildlife in cases of environmental
emergencies. Also, these experimental designs might pro-
vide additional information to understand the mechanisms
of action of a contaminant on a particular stage of the life
cycle of a species.

Ecological risk can be estimated numerically using the
Hazard Quotient (HQ) approach (USEPA 1998), based on
the comparison of the expected environmental concentra-
tion (EEC) (Boutin et al. 1993, 1995) with standard toxicity
end points (e.g., EC 10 values). Toxicity bioassays, e.g.,
FETAX (Morgan et al. 1996) and AMPHITOX (Herkovits
and Pérez-Coll 2003) tests, represent useful tools to assess
the risk of exposure of ecosystems to different physico-
chemical agents. Sublethal exposure of amphibians to
pesticides may be valuable in the assessment of the sen-
sitivity to contaminants that could produce detrimental
effects, e.g., increased vulnerability to predation and a
reduction in fitness, which could eventually affect
amphibian populations (Little et al. 1990).

Despite the widespread use of ATR in the Argentine
corn/soy belt, very few ecotoxicological studies have been
conducted on native species. In a previous study from our
laboratory, we found lethal effects of ATR on Rhinella
arenarum embryos and larvae (Brodeur et al. 2009). In the
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present study, we attempted to test the hypothesis that
sublethal effects of ATR on Rhinella arenarum are con-
centration- and developmental stage-dependent. To meet
this objective, we evaluated the sublethal effects of ATR,
mainly teratogenesis and behavioral disorders, in embry-
onic and larval stages by means of standardized bioassays
using the common South American toad, Rhinella arena-
rum, which occurs in southern Brazil, Argentina (up to
Chubut Province), Uruguay and Bolivia. Based on the HQ
approach, an ecological risk assessment of ATR on this
native species was performed.

Materials and methods
Acquisition of Rhinella arenarum embryos

To examine the potential for ATR to adversely affect the
embryo-larval development of the common South Ameri-
can toad, Rhinella arenarum, three mating pairs of adults
weighing approximately 200-250 g were acquired in
Lobos (Buenos Aires province, Argentina: 35°11’S;
59°05'W). Frog care, breeding, embryo acquisition, and
analysis were conducted according to the methods descri-
bed in the AMPHITOX protocols (Herkovits et al. 2002;
Herkovits and Pérez-Coll 2003). Briefly, ovulation of
females was induced by means of an intraperitoneal
injection of a suspension of one homologous hypophysis in
1 mL of AMPHITOX solution (AS) per female preserved
according to Pisané (1956). Oocytes were fertilized in vitro
using fresh sperm suspended in AS. The composition of AS
was sodium chloride (NaCl) 36 mg/L, potassium chloride
(KCI) 0.5 mg/L, calcium chloride (CaCl,) 1 mg/L and
sodium bicarbonate (NaHCOj3;) 2 mg/L, prepared in dis-
tilled water. The jelly coat at early blastula stage was
dissolved by immersing egg ribbons into a solution of 2 %
thioglycolic acid at pH 7.2 with 1.35 mL of saturated
sodium hydroxide (NaOH) solution every 100 mL in AS
followed by a thorough wash of the embryos. Embryos
were kept in AS and maintained at 20 & 2 °C. The AS was
replaced entirely every three days and monitored weekly to
ensure that the pH was at acceptable levels (7 & 0.5).
Embryos were staged according to Del Conte and Sirlin
(1951), and larvae were staged according to Echeverria and
Fiorito de Lopez (1981).

Toxicity bioassays

For treatments during embryonic stages (S4-S25), ten
embryos were randomly placed in triplicate in 10 cm-
diameter glass Petri dishes containing 40 mL of test solu-
tion. For treatments during prometamorphosis (S28), ten
larvae were placed in triplicate in 20 cm-diameter glass
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Petri dishes containing 100 mL of test solution. Test
solutions were entirely replaced every 48 h. The toxicity
bioassays were performed under the following conditions:

1) Continuous exposure from early blastula (S4) up to
complete operculum stage (S25); 336 h (14 days). The
ATR concentrations tested ranged between 5 and
30 mg/L.

2) Continuous exposure from early complete operculum
stage (S25) up to late complete operculum stage (S25);
336 h (14 days). ATR concentrations tested ranged
between 1 and 30 mg/L.

3) Continuous exposure from completed back legs (S28)
until completion of metamorphosis; 1080 h (45 days).
ATR concentrations tested ranged between 1 and
30 mg/L.

4) 24 h pulse-exposure with ATR in concentrations
ranging between 1 and 40 mg/L in blastula (S4),
neural plate (S13), muscular activity (S18), gill
circulation (S20), opercular folds (S23), and complete
operculum (S25). After the treatments, the embryos
were thoroughly washed and kept in AS until 168 h
post-exposure.

Preparation of test solutions

Toxicity tests were performed using technical-grade ATR
(CAS No. 1912-24-9) with a purity of 98 %, purchased
from Chem Service (West Chester, PA, USA). Preliminary
tests allowed us to find the sublethal concentrations of ATR
for Rhinella arenarum embryos and larvae. Test solutions
between 10 and 30 mg/LL. ATR were prepared by directly
weighing and dissolving the corresponding mass of ATR
into one liter of AS. Test solutions under 10 mg/L ATR
were prepared by dissolving a solution of 15 mg/L ATR
with AS. Because some degree of precipitation was
observed at the highest concentrations of ATR tested,
0.2 % acetone was added to the test solutions to insure
homogenous dissolution. Controls both with AS and AS
plus 0.2 % acetone were simultaneously maintained. The
ATR concentrations in test solutions were verified by high-
performance liquid chromatography/mass spectrometry
(Brodeur et al. 2009). The error between nominal and
measured concentrations did not exceed 5 %.

Data analysis

The teratogenic and neurotoxic effects of ATR were
evaluated every 24 h. Abnormalities were observed under a
binocular stereoscopic microscope (Zeiss Stemi DV4),
photographed with a Sony DSC-S90 digital camera, and
identified according to the “Atlas of Abnormalities”
(Bantle et al. 1998). Embryos with typical adverse effects

plus controls were fixed in formol 4 %, dehydrated in a
gradient of ethanol, prepared for scanning -electron
microscopy by means of the critical point technique and
observed in a Philips XL-30 operated at 10 Kw for ultra-
structure evaluation.

Lethal and effective concentrations (LC and EC) were
statistically estimated by the USEPA Probit Program
(USEPA 1988). The results were considered statistically
significant (p < 0.05) when the higher EC/lower EC ratio
exceeded the critical value (95 % confidence interval)
established by APHA (APHA 1980). The Teratogenic
Index (TI) was calculated as LC 50/EC 50.

EEC for ATR was calculated as a percentage of the
maximum application rate proposed, 2.7 kg/ha active
ingredient, (Syngenta Crop Protection Inc. 2011). This
percentage depends on exposure via spray drift, runoff, and
washoff (10 %) or overspray exposure during aerial
application (100 %). The EEC was calculated assuming a
water depth of 15 cm and an area of 1 m? (Boutin et al.
1993, 1995). HQ is the ratio of the potential exposure to the
substance and the level at which no adverse effects are
expected (USEPA 1998), in this study was calculated as
EEC/EC 10. The EC 10 was used instead of the no
observable effect concentration (NOEC) to provide a more
meaningful, yet conservative, estimate of the effect (Van
der Hoeven 1997; Van der Hoeven et al. 1997). In the
present work, we estimated two HQ approaches: HQ 1,
based on 10 % of the maximum application rate proposed,
and HQ 2, based on 100 % of that value.

After the risk quotient was calculated, it was compared
to the USEPA level of concern (LOC). The LOC is a policy
tool that the Agency uses to interpret the risk quotient and
analyze the potential risk to non-target organisms and the
need to consider regulatory action. The LOC value for risk
is 1. If the HQ > 1, harmful effects are likely due to the
contaminant in question.

Results

Because the two controls (AS and acetone solvent) did not
differ statistically from one another, the term “control” in
the rest of the manuscript stands for the means of both
controls.

Continuous exposure from blastula stage

ATR caused highly relevant sublethal effects over 5 mg/L
(NOEC value). Malformed embryos were observed from
48 h onwards and the percentage of affected embryos was
proportional to ATR concentration with a maximal of 67 %
with 30 mg/LL ATR (Fig. 1). The main malformations
were: delayed development, reduced body size, tail and
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Fig. 1 Percentages of malformed Rhinella arenarum embryos con-
tinuously exposed to ATR from blastula

axial flexures, irregular border, different types of edema,
wavy tail, microcephaly, malformed mouth and adhesive
structures, gut miscoiling, underdeveloped gills, cloacal
protrusion, and even cellular dissociation (Fig. 2). Treated
embryos also exhibited neurotoxic effects such as abnor-
mal and erratic swimming, spasmodic contractions and
general weakness. A reduction in food intake was evident
although not quantified. The EC50s for sublethal effects
was about 8 mg/L and remained constant from 168 to
336 h of exposure. TI for ATR at 240 h was 3.28. Lethality
was recorded only at concentrations higher than 20 mg/L
ATR after 168 h of exposure, which is the time by which
the embryos reached the completed operculum stage (S25).
The HQ values remained constant along time from acute to
chronic exposure, 0.54 (HQ 1) and 5.40 (HQ 2) (Table 1).

Continuous exposure from complete operculum stage

The NOEC value for sublethal effects during short-term
chronic (168 h) exposure was 10 mg/L. The percentage of
affected embryos was proportional to ATR concentration,
with a maximal of 50 % with 30 mg/L. From 96 h
onwards, malformations, mainly tail, axial flexures, dif-
ferent types of edema, malformed mouth and adhesive
structures, and cellular dissociation in specific regions such
as the stunted tail, were observed (Fig. 2). In acute expo-
sure, treated larvae showed neurotoxic effects such as
spasmodic contractions and general weakness at concen-
trations equal or higher than 15 mg/LL ATR. A reduction in
food intake was also observed. Lethality was recorded at
concentrations higher than 20 mg/L ATR starting from
72 h of exposure onwards. Lethal and sublethal effects
increased significantly over time (p < 0.05). HQ 1 and HQ
2 for acute exposure were about 0.18 and 1.8 respectively,
whereas at 336 h their values were 1.08 and 10.8 respec-
tively (Table 1).
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Continuous exposure from prometamorphosis
until completion of metamorphosis

Sublethal effects due to ATR exposure began at 168 h of
exposure at concentrations higher than 15 mg/L. (NOEC
value). The most prominent morphological effects were
malformations of the digestive tract, edema, wavy tail and
developmental delay as reduced development of forelimbs
(Fig. 2). The percentage of affected larvae was proportional
to ATR concentration, with a maximal of 40 % with 20 mg/
L. With regard to neurotoxicity, general weakness, lack of
spontaneous mobility, loss of balance, and reduced food
intake were observed. All these changes were concentra-
tion-dependent between 10 and 20 mg/L. ATR. Lethal and
sublethal effects increased significantly over time
(p < 0.05). It is noteworthy that lethality was recorded with
20 mg/L ATR after 10 days of exposure and increased up to
100 % after 27 days of exposure. The HQ values increased
over time. HQ 1 and HQ 2 for acute exposure were about
0.14 and 1.35 respectively, whereas at 336 h they reached
values of 0.27 and 2.70 respectively (Table 1).

24 h Pulse-exposure at different developmental stages

Embryos treated with 40 mg/L. ATR for 24 h did not result
in lethality until 168 h post-exposure in the six develop-
mental stages evaluated. Table 2 summarizes the LOEC
values and the most conspicuous teratogenic and neuro-
toxic effects caused by ATR in embryos exposed at dif-
ferent developmental stages. It is noteworthy that the
exposure to ATR during the early developmental stage
(blastula) resulted in a wide range of teratogenic effects,
both immediate (e.g., disruption of the gastrulation result-
ing in persistent yolk plug) and delayed to more advanced
developmental stages (e.g., tail and axis flexures).
Regarding neurotoxicity, all developmental stages evalu-
ated showed abnormal and erratic swimming, spasmodic
contractions, and general weakness (Table 2).

The NOEC values for the six embryonic stages evaluated
at24 and 168 h are plotted in Fig. 3. As an outstanding result,
the NOEC values were at least two-fold lower at 24 than at
168 h post-exposure. This fact points out the recovery
capacity from malformations as well as from neurotoxic
effects caused by the lower exposure conditions. Based on
the LOEC values, the gradient of susceptibility to ATR was:
blastula > neural plate = complete operculum > opercular
folds = gill circulation > muscular activity stage.

Discussion

Although most ecotoxicity studies focus on lethal effects,
the results obtained by exposure to sublethal concentrations
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Fig. 2 Scanning electron and stereoscopic microscopy pictures of
Rhinella arenarum. a Control larvae at S25; b and ¢ Larvae
continuously treated with 20 mg/L ATR from blastula (S4) onwards.
The main anomalies were irregular border, flexures, pronounced
edema, gut miscoiling, microcephaly, wavy and stunted tail. d and e

are also relevant from an ecological point of view. In the
case of ATR, previous reports on sublethal effects on
amphibians have focused on endocrine disruption during
metamorphosis and gonadal development (Carr et al. 2003;
Hayes et al. 2003). In this study, we addressed the sublethal
toxicity of the herbicide ATR on the embryonic and larval

Larvae continuously exposed to 15 mg/L ATR from S25. Details of
malformed mouth and sucker; the stunted tail exhibits cellular
dissociation. f Control prometamorphosis larvae (S28). g Larvae
continuously exposed to 10 mg/L ATR from S28 onwards exhibit
pronounced edema, tail flexures and reduced development of forelimbs

development of a native amphibian from South America,
Rhinella arenarum, and carried out a risk assessment for
worst case scenarios. This contribution on teratogenic and
neurotoxic effects of ATR on embryonic and larval stages
complements previous studies conducted in our laboratory
with Rhinella arenarum focusing on lethality at different
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Table 1 Toxicity and hazard quotient (HQ) of ATR for Rhinella arenarum at embryonic and larval development

Stage 96 h 168 h 336 h

EC 10 HQ 1 HQ 2 EC 10 HQ 1 HQ 2 EC 10 HQ 1 HQ 2
S4 5 0.54 5.40" 5 0.54 5.40" 5 0.54 5.40"
S25 15 0.18 1.80" 10 0.27 270" 25 1.08" 10.80"
S28 20 0.14 1.35" 15 0.18 1.80" 10 0.27 2.70"

EC10 (mg/L) and HQ (EEC/EC10) values for acute (96 h) and chronic exposures (168, 336 h). HQ 1 is based on exposure via spray drift, runoff,
and washoff (EEC = 2.7 mg/L) and HQ 2 is based on overspray exposure during aerial application (EEC = 27 mg/L). * HQ > 1 estimates

harmful effects due to ATR exposure

ontogenic stages (Brodeur et al. 2009). The teratogenic
effect with a NOEC of 5 mg/L, a EC50s of about 9 mg/L
and the TI of 3.28 obtained in this study for Rhinella
arenarum are in the range of adverse effects of ATR on
Xenopus laevis embryos (Morgan et al. 1996) as well as on
Rana pipiens, Rana sylvatica (Wood Frog) and Bufo
americanus embryos (Allran and Karasov 2001). These
values might be considered relevant, since a TI higher than
1.5 implies a high risk for embryos to be malformed in the
absence of significant embryonic lethality (ASTM 1993).
The wide range between lethal and effective concentrations
of ATR points out that malformations are relevant end
points to assess the population viability that might be
affected by reduced fitness of individuals.

The delayed development and the reduced body size
recorded in Rhinella arenarum embryos exposed to ATR
are usual adverse effects exerted by environmental stress-
ors in early life stages, e.g., cadmium (Herkovits et al.
1997), fungicides (Pérez-Coll et al. 2009), and 2,4-D
(Aronzon et al. 2011). Microarray studies, carried out in
Xenopus laevis larvae chronically exposed to 400 pg/L
ATR, showed altered expression of key genes involved in
growth, metabolism and the immune system (Langerveld
et al. 2009). This might be related to the delayed devel-
opment and reduced body size found as sublethal effects of
ATR in this study. The reduced food intake, probably
associated with a metabolic disruption, also contributed to
the growth reduction in ATR-exposed embryos and larvae.
Edema, also a noteworthy sublethal effect observed in
amphibian embryos and larvae exposed to ATR, could be
directly related to a disturbance in the ionic balance
(Nieves-Puigdoller et al. 2007; Silvestre et al. 2002) and
disruption of the endocrine system (Herkovits et al. 1980).
It could also be a secondary consequence of heart mal-
formations and urinary failure due to increased apoptosis in
pronephric kidneys, as previously reported in ATR-treated
tadpoles (Lenkowski et al. 2008). Abnormal behavior of
tadpoles, such as erratic swimming, spasmodic contrac-
tions, and general weakness found in this study have also
been reported for Ptychadena bibroni tadpoles (Ezemonye
and Tongo 2009) and positively correlated with the con-
centration of ATR.
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By means of 24 h pulse exposures, the blastula stage
was identified as the most susceptible to ATR affecting
morphogenetic and cell differentiation processes. This
result seems to point out that ATR uptake in blastula
continued causing adverse effects as the development
advanced, even until the last embryonic stages. The pulse
exposure conditions provided the opportunity to record that
most of the sublethal effects observed were, at least par-
tially, reversed within 168 h post-treatment. These results
could be related to the notorious shape regulation capacity
of vertebrate organisms during their early life stages
(Herkovits and Faber 1978), and also point out the mag-
nitude of damage caused by ATR in the case of persistent
malformations. Although concentrations used in 24 h
pulse-exposures may be considered very high and not
environmentally relevant, the results might anticipate the
effects of the herbicide on amphibian development, as a
result of spill situations. Furthermore, these results provide
information that may help to elucidate the mechanisms of
action of the herbicide on the processes of cell and orga-
nogenic differentiation that occur at different stages of
embryo-larval development of amphibians.

The HQ approach provides a possibility to assess the
risk for adverse effects of ATR at different developmental
stages of Rhinella arenarum. It is noteworthy that for the
embryo and larval stages evaluated, calculation of HQ 2
(based on direct applications) resulted in values higher than
1 even for acute exposure to ATR, which represents an
USEPA LOC. The worst scenario was found for the
embryonic stages, which showed a HQ 2 of 5.40. In the
case of chronic exposure, the early larval development
resulted in higher threat with HQ 2 of 10.80. Based on the
results of HQ 1 (via spray drift, runoff, and washoff),
except a value mildly higher than 1 in the case of 336 h
exposure for early larval stages, ATR is not a potential risk
for early life stages of this amphibian species.

Our results on teratogenesis and neurotoxicity are con-
sistent with previous studies on ATR exposure in other
amphibian species (Allran and Karasov 2001; Morgan et al.
1996; Rohr et al. 2003), confirming the relevance of
reporting developmental disruptions that could increase
susceptibility to predation (Brodie and Formanowicz 1983;
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Table 2 Teratogenic and
neurotoxic effects caused by
ATR at different developmental
stages

Stage Time Teratogenic effects Neurotoxic effects LOEC
(h) (mg/L)
Blastula 24 Persistent yolk plug N/A 15
Cellular dissociation
96 Delayed development Spasmodic contractions 20
Reduced body size
Cellular dissociation
Microcephaly
168 Delayed development Abnormal and erratic swimming 25
Reduced body size Spasmodic contractions
Edema General weakness
Microcephaly
Axial flexures
Wavy tail
Malformed mouth and
adhesive structures
Under developed gills
Cloacal protrusion
Neural plate 24 Cellular dissociation N/A 20
96 Delayed development N/A 25
Reduced body size
Microcephaly
Cellular dissociation
168 Delayed development Abnormal and erratic swimming 30
Reduced body size General weakness
Microcephaly
Under developed gills
Muscular activity 24 Delayed development General weakness 25
Reduced body size
96 Delayed development N/A 30
168 N/A N/A >40
Gill circulation 24 Delayed development Abnormal and erratic swimming 20
Reduced body size General weakness
Axial flexures
Under developed gills
96 Delayed development General weakness 25
Reduced body size
168 Delayed development General weakness 35
Reduced body size
Opercular folds 24 Delayed development Abnormal and erratic swimming 20
Reduced body size General weakness
Axial flexures
Edema
Wavy tail
96 Delayed development General weakness 30
Reduced body size
168 Delayed development General weakness 35

Reduced body size
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Table 2 continued

Stage Time Teratogenic effects Neurotoxic effects LOEC
() (mg/L)
Complete operculum 24 Delayed development Abnormal and erratic swimming 20
Edema General weakness
96 Delayed development General weakness 25
Edema
N/A not available because there 168 Delayed development General weakness 30

were no sublethal effects

45

40

H24 h

m168 h
35
30

254

204

NOEC (mgl/L atrazine)

151

104

S4 S13 S18 $23 525

Stages

S20

Fig. 3 NOEC values for teratogenic and neurotoxic effects at 24 and
168 h after pulse exposure of Rhinella arenarum embryos to ATR at
different developmental stages

Cooke 1971) and thus influence later fitness (Semlitsch
1990). Furthermore, based on HQ assessment, ATR rep-
resents a threat for Rhinella arenarum during its embryo-
larval period, especially in regions with intensive use of
this herbicide, since it may potentially disrupt the popula-
tion of this native amphibian.
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