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SUMMARY 

We investigated the effect of glyphosate (GLY) to 
Scinax nasicus tadpoles and the influence of GLY degra-
dations in the variation of LC50 values. These results 
showed that 96-h LC50 for S. nasicus tadpoles exposed to 
continuous applications of GLY in the renewal tests (RT) 
was 3.13 mg GLY/L, compared to an estimated LC50 in 
static tests (ST) of 5.27 mg GLY/L. These data indicate 
large differences in toxicity between RT and ST, S. na-
sicus tadpoles did not die when the GLY exposure was 
not continuous. 
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INTRODUCTION 

Glyphosate, (GLY) or N-phosphonomethyl glycine, 
is a systemic herbicide used for non-selective weed con-
trol on 'rights-of-way', forestry plantations, sites prepared 
for plantings, and as a foliage desiccant for selected 
crops [1, 2]. It is considered to have low toxicity to bees, 
fish, and other aquatic organisms [3, 4]. However, some of 
the surfactants used in agricultural formulations have been 
found to be significantly more toxic to fish, amphibians, 
and aquatic invertebrates than the herbicide itself [5-7]. 

The pesticide degradation phenomenon implies the 
possibility to decrease toxic concentrations of xenobiotics 
in the environment. In water, GLY is rapidly dissipated, 
and has under laboratory conditions a half-life for degrada-
tion ranging from a few days to approximately 20 days [2]. 
Moreover, it has been found to dissipate from the sedi-
ment of a farm pond with a half-life of 120 days, and still 
be present in pond sediment at a concentration of 0.1 ppm 
one year later [8]. The presence of GLY in surface water 

 

is most likely to occur as a result of heavy rainfall after 
recent application on neighboring land, with subsequent 
rapid displacement into stream sediment [2]. The presence 
of an environmental contaminant can decrease larval 
amphibian activity [9, 10] and alter swimming and feed-
ing behavior [11]. Alternatively, it is possible for con-
taminants to increase the anuran larval activity and, there-
fore, predation rates [12]. The objective of this study was 
to evaluate and compare the acute toxicity of glyphosate 
formulations (GLY-F) on Scinax nasicus tadpoles. Fur-
thermore, the behavioral responses are described.  

 
Scinax nasicus was selected for this study because of 

its wide Neotropical distribution (i.e. present in Argen-
tina, Paraguay, Uruguay, Bolivia, and Brazil) [13]. This 
anuran is common in forests, wetland, riparian areas, 
urban, and agricultural lands [14]. In addition, another 
study indicated that natural S. nasicus populations could 
be affected by herbicide application [15]. 

 
 
MATERIALS AND METHODS 

Two hundred and fifty S. nasicus tadpole individu-
als (Gosner Stage 25-26) [16] were collected from an 
unpolluted temporary pond in the floodplain of the 
Paraná River (31º 42´S; 60º 34´O, Santa Fe, Argentina) 
and maintained under laboratory conditions. The tad-
poles were acclimatized over 7 days to a 12 h light/12 h 
dark cycles in glass tanks with artificial pond water 
(APW) (pH: 8.2 ± 0.3, conductivity: 237 ± 25 µmhos/cm-1, 
dissolved oxygen: 8.4 ± 0.1 mg/L, and hardness: 56 ± 
12 mg CaCO3/l, at 22 ± 2 ºC). 

 
96-h acute toxicity test was conducted according to 

ASTM Standard Methods [17], with 26-27 Gosner Stage 
larvae. Glass tanks (35 cm diameter and 60 cm high), with 
4 L of APW and 10 tadpoles (average weight: 0.025 ± SE 
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0.006 g) per tank, were used in the experiments. The 
tested product was Glyfos®, a commercial herbicide con-
taining 48 % GLY, that was measured by high performance 
liquid chromatography (HPLC). In a renewal test (RT), 
solutions were renewed at 24-h intervals during the test 
period and tadpoles that had been taken out were trans-
ferred into the new solution. Simultaneously, a static test 
(ST) was conducted, in which solutions were not renewed 
during exposure. In both acute toxicity tests, the concen-
trations used were: 0, 3.07, 3.84, 4.8, 6.0, and 7.5 mg of 
GLY-F/L. Tests were conducted at 22 ± 2 ºC and 12-h / 
12-h light-dark. The mortality was recorded every 24-h 
and the dead animals were removed at each observation 
time. The LC50s with confidence limits (P ≤ 0.05) were 
estimated using the probit analysis [18]. The criterion of 
non-overlapping 95% confidence intervals19 was used to 
determine the significant differences (P ≤ 0.05) between 
LC50 values in RT and ST. Moreover, bobbing (swim-
ming to the surface for air) rates were measured as well as 
the number of times that larvae broke the water surface 
with the anterior part of their body in a 10 minute interval 
was recorded.   

 
GLY was identified and quantified by Water 600 HPLC 

system with IC-Pack ion-exclusion 50 Å-7µm (7,8 x 
150 mm) column, mobile phase phosphoric acid: 0.05% at 
55 °C, Water� postcolumn derivatization system at 38 ºC, 
fluorescence spectrophotometer detector at 339-nm exci-
tation and 345-nm emission wavelengths by Milenium32 
manager data processor. This method was adapted from 
Winfield [20]. 

 
 
RESULTS AND DISCUSSION 

The 96-h LC50 for S. nasicus exposed to GLY-F in 
the RT was 3.13 mg GLY-F/L, compared to an estimated 
higher LC50 in ST (where solutions were not renewed 
during exposure) of 5.27 mg GLY-F/L.  Although at 24-h 
LC50 the RT and ST did not differ statistically (P > 0.05), 
differences was observed at 48, 72, and 96-h (P < 0.05) 
(Figure 1). In RT, we observed a decrease in LC50 values 
at all time during the bioassay (Figure 1 A). In ST, mor-
tality stabilized at 24-h, which was related to the GLY 
degradation. Nevertheless, we found that the half-life of 
GLY was approximately 96-h (Figure 1B).  

 
After 24-h of exposure in RT, cephalic edemas and 

bent tail occurred in 3.84 mg/L of GLY and there were 
mouth deformities at 4.8 mg/L. These manifestations 
were increased with the time and intestinal vacuity was 
detected at 48-h exposure, although these tadpoles 
showed different behaviors at differing GLY concentra-
tions with the control. The rates of the tadpoles coming to 
the surface to gulp air is lower without herbicides, Chi-
square statistic (with Yates correction) =  26.34; P < 0.01. 
In contrast, in the ST test, the alterations were not so 
marked and they were only poorly observed at the highest 

concentration, 7.5 mg/L. The specific behavioral differ-
ences may also be important, many temporary aquatic 
environments are highly eutrophic and have low levels of 
dissolved oxygen. Clearly, the ability of larvae to meet 
their respiratory requirements, unduly favors their expo-
sure to predation risk. To what extent amphibians are 
presently limited in their range by the contamination of 
potential breeding sites is unknown. 

 

 

 
FIGURE 1 - LC50 (95% confidence limits) values of Scinax na-
sicus tadpoles in RT (A) and ST (B) (see the dynamics of the dis-
appearance of the glyphosate in water). Observe the stabilization 
of the LC50 values when the expositions are not continuous. 

 
Mann and Bidwell [21] found, in test solutions re-

newed after 24-h with freshly made solutions, several LC50 
values for tadpoles of Australian frogs (Crinia insignifera, 
Heleioporus eyrei, Limnodynastes dorsalis, and Litoria 
moorei) (48-LC50: 8.1-32.2 mg GLY/L). An Australian 
study confirmed that Roundup® herbicides are toxic to 
frogs, especially to tadpoles, because of the effect of inert 
ingredients on tadpole gills [22]. The herbicide Glyphos® 
contains polyethoxylated tallowamine (POEA) [23], a 
surfactant bound to suspended material that can have 
toxic effects in water systems. The same surfactant is 
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included in Roundup® formulations because it aids to 
counteract the surface tension on leaf surfaces, but it may 
also interfere with gill respiration in tadpoles [24].  

 
In this context, transgenic soya (resistant to Roundup-

Ready) is the most extensively cultivated, compared to 
others crops, in Argentina agricultural lands and during 
2000-2001 it had occupied 19 million hectares [25]. 
Moreover, the GLY-F use in Argentina increased from 1 
to 58 million liters from 1991 to 2000 [26]. The validity 
of extrapolating laboratory based acute toxicity data to the 
field situation is contentious [21]. However, our results 
indicated a variability of toxicity of GLY-F according to 
the type of exposure. Specifically, we found that non-
target tadpoles did not die when the GLY exposure was 
not continuous. Moreover, we argue that the GLY-F pulse 
can affect native populations of neotropical tadpoles. 
Also, we suggest that prevention of possible contamina-
tion of lentic, or ephemeral water bodies where most of 
the anuran breed, should be considered. On the other 
hand, the impacts and the costs of the required alterna-
tives to the GLY formulations should be minimized for 
uses away from aquatic situations. 
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