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Abstract

Despite the higher diversity of amphibians and the increasing use of agrochemicals in tropical countries, knowledge on the
ecotoxicity of such compounds to tropical amphibians remains very limited. The aim of this study was, therefore, to assess
the acute lethal toxicity of three nitrogen salts (ammonium sulphate, sodium nitrate and sodium nitrite) to tadpoles of five
tropical frog species: Rhinella ornata, Boana faber, B. pardalis, Physalaemus cuvieri, and P. olfersii. The order of
sensitivity to the nitrogen salts for all five species was sodium nitrite > ammonium sulphate > sodium nitrate. There was not a
single most sensitive species to all three nitrogen salts. However, differences in generated 4-d LC50 values between the most
and least sensitive test species were small (a factor 2 to 6). A comparison with published toxicity values does not suggest an
intrinsic higher, or lower, sensitivity of the tropical species tested as compared to their temperate counterparts. Reported
nitrogen concentrations in sugarcane fields do not indicate a lethal risk to the amphibian species tested. Chronic-exposure
and field studies are recommended to evaluate amphibian sensitivity under environmental-realistic multiple-stressor

conditions.
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Introduction

Amphibians play an important role in ecosystem function-
ing via nutrient cycling, energy flow and pest control
(Valencia-Aguilar et al. 2013). Increasing concerns have
therefore been raised with worldwide declining amphibian
populations, with about one third of species currently under
threat of extinction (IUCN 2017). Several underlying rea-
sons for these declines have been identified, including
emerging infectious diseases, climate change, invasive
species, habitat loss and pollution (AraGjo et al. 2014,
Whitfield et al. 2016). In rural landscapes, agrochemicals
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such as pesticides and fertilisers have been suggested to
pose a high risk to amphibian communities (Camargo and
Alonso 2006; Hedge et al. 2019; Marco et al. 1999; Ortiz-
Santaliestra et al. 2018).

Despite of the above, few studies have been conducted
so far into the toxicity of agrochemicals to amphibians
when compared to other taxonomic groups (Ilha and
Schiesari 2014; Ortiz-Santaliestra et al. 2018). This lack in
research appears to hold true especially for tropical
amphibian species, even though amphibian biodiversity and
population declines are higher in the tropics than anywhere
else (Sanchez-Domene et al. 2018; Schiesari et al. 2007,
Whitfield et al. 2016). In addition, life history traits differ
between temperate and tropical amphibians, which dictates
that their responses to agrochemical stressors are likely to
differ (Schiesari et al. 2007).

Sugarcane plantations in South-eastern Brazil rely on
intensive agrochemical inputs and have seen an impover-
ishment in amphibian biodiversity (Schiesari and Corréa
2016). In a previous study, we evaluated the acute sensitivity
of the four main herbicides used in Brazilian sugarcane
production to tadpoles of two indigenous frog species
(Daam et al. 2019). In addition, we mined published acute
herbicide toxicity data for temperate, subtropical and tropical
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amphibians. Although this did not indicate a clear difference
in herbicide sensitivity between tropical and non-tropical
amphibians, differences may exist depending on the test
species and compound (Daam et al. 2019). Little remains
known, however, on the toxicity of nutrient salts to tropical
organisms (Wang and Leung 2015). Brazilian sugarcane
relies on an intensive use of fertilisers, with overuse as the
rule rather than the exception (Martinelli and Filoso 2008;
Schiesari and Corréa 2016). Nitrogen-based fertilisers may
exert several toxicological effects on amphibians (Camargo
and Alonso 2006; Hedge et al. 2019; Marco et al. 1999).
Nitrogen concentrations in waterbodies embedded in Bra-
zilian sugarcane fields have indeed previously been indi-
cated to potentially reach levels that may cause amphibian
tadpole mortality (Ilha and Schiesari 2014).

The aim of the present study was to evaluate the lethal
toxicity of inorganic nitrogen (ammonium sulphate, sodium
nitrate and sodium nitrite) to tadpoles of five tropical frog
species. To this end, acute 4-d laboratory toxicity tests were
conducted with tadpoles of these species to determine
whether these species are in acute lethal risk of nitrogen
concentrations typically encountered in Brazilian sugarcane
plantations.

Materials and methods
Test species

Frog and toad egg masses were collected in South-East
Brazil from ponds at the Estacdo Biologica de Boracéia in
Salesopolis (23°37'59"S,45°31'59”W), which is located
within a protected and non-polluted watershed (Verdade
et al. 2011). Only species for which at least three egg
masses could be collected were included as test species as to
avoid any possible influence of a particular single egg mass.
In this way, egg masses of five different species belonging
to three families could be collected and taken to the
laboratory in sealed plastic bags: (1) Rhinella ornata
(Bufonidae); (2) Boana faber (Hylidae); (3) Boana pardalis
(Hylidae); (4) Physalaemus cuvieri (Leptodactylidae); and
(5) Physalaemus olfersii (Leptodactylidae). All these spe-
cies are native to South America and their geographic dis-
tribution is restricted to Brazil and, depending on the
species, Argentina and/or Paraguay (IUCN 2017). In addi-
tion, these species have previously been encountered in a
wide array of habitats, including sugarcane fields and their
surroundings (Schiesari and Corréa 2016).

In the laboratory, egg masses were hatched in plastic
tanks containing 50L tap water after filtering through an
activated carbon granular filter. Every other day, this tank
water was renewed. The tank water had the following
characteristics: total hardness = 56 mg/L (SM 2340 C-EDTA

titrimetric method); total alkalinity =24 mg/L (SM 2320
B-titration method); turbidity =046 UT (SM 2130 B-
nephelometric turbidity method); and total chlorine con-
centration < 0.01 mg/L. (SM 4500 CI-G-DPD colorimetric
method) (APHA 2005).

The laboratory temperature was controlled at 25 +2 °C
with natural photoperiod. Hatched larvae were fed ad libi-
tum on a daily basis with a 3:1 ground mixture of rabbit
chow (Purina Mills, LLC, USA; ~16% protein) and Tetra
Min fish food (Tetra Werke, Melle, Germany; ~45% pro-
tein) until the start of the bioassays. These laboratory con-
ditions (feeding, temperature and light regime) were noted
to be adequate for egg hatching and tadpole development of
native frog/toad species in previous experiments (Daam
et al. 2019 and references therein). The acute toxicity
bioassays were conducted with tadpoles of Gosner stage 25
(Gosner 1960) since this is the most common life stage
evaluated in amphibian ecotoxicity tests (Sparling et al.
2010). Only healthy individuals, as judged by behaviour
and external morphology (Bantle et al. 1991), were selected
for use in the tests.

Acute toxicity bioassays

Acute (96h) static bioassays were conducted following
internationally adopted protocols for amphibian ecotox-
icological testing (ASTM 2013; OECD 2015). In these
tests, the acute toxicity of ammonium sulphate ((NH4),SOy;
CAS number 7783-20-2), sodium nitrite (NaNO,; CAS
number 7632-00-0) and sodium nitrate (NaNO;; CAS
number 7631-99-4), (all obtained from Merck KGaA,
Darmstadt, Germany; purity >99%) was evaluated for the
five test species indicated in the previous section. These
nitrogen salts were selected since previous studies have
demonstrated that their toxicity can be essentially attributed
to the ammonium, nitrite and nitrate ions, rather than to the
sulphate and sodium (Baker and Waights 1994; Schuytema
and Nebeker 1999). Given the lack of information on their
sensitivity to the test compounds, preliminary range finding
tests with the test species were conducted evaluating a wide
test concentration range with a limited number of organisms
and a single replicate. Based on these preliminary range
finding tests, five test concentrations were selected for each
of the three test compounds and five test organisms (Table
1), besides an untreated control (culture medium). Unfor-
tunately, it was not possible to conduct chemical analyses of
the test compounds due to logistic reasons. In a previous
study conducted in our laboratory, the chronic toxicity of
the three test compounds was evaluated. In that study, the
measured nitrogen concentrations remained within 10% of
the respective nominal concentrations in all treatments over
the course of the 3-week test period (Ilha and Schiesari
2014). Subsequently, it may be expected that the test
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Table 1 Test concentrations

(in mg N/L) as set based on Test species/compound

Ammonium sulphate

Sodium nitrate Sodium nitrite

preliminary toxicity testing for
the different nitrogen salts and
frog/toad test species evaluated
in the present study

Boana faber

Boana pardalis
Physalaemus cuvieri
Physalaemus olfersii

Rhinella ornata

15, 42, 122, 350, 1000
15, 34, 77, 176, 400
15, 32, 67, 142, 300
15, 32, 67, 142, 300
15, 32, 67, 142, 300

200, 355, 632, 1124, 2000
200, 355, 632, 1124, 2000
200, 355, 632, 1124, 2000
200, 355, 632, 1124, 2000
200, 355, 632, 1124, 2000

15, 34,77, 176, 400
15, 34, 77, 176, 400
15, 32, 67, 142, 300
15, 32, 67, 142, 300
15, 32, 67, 142, 300

compound concentrations in the present
remained constant over the 4-d test period.

To enable comparing the relative toxicity of the three
nitrogen compounds, test concentration units were expres-
sed in mg N/L as calculated from the molar mass of atomic
nitrogen contained in the nitrogen salts. Each treatment was
conducted in quadruplicate, with each replicate consisting
of a glass jar containing 1-L test solution with 10 tadpoles.
The tests were carried out under the same conditions as
described for egg hatching and tadpole development, except
that animals were not fed during the test. After 48 h from
the start of the treatment, dead animals were removed from
the jars, and median lethal concentrations (LC50) were
determined based on the number of dead animals denoted
96 h post start treatment.

study also

Data analysis

The 96h-LC50 values were calculated based on the %
mortality rates in the different treatments using the statis-
tical programmes PROBIT 1.5 (EPA 2002) and TSK 1.5
(Hamilton et al. 1977). In all cases, the most appropriate
statistical test was defined depending on the experimental
design and the nature of the available data, following the
recommendations of EPA (EPA 2002). Differences in LC50
values between species for the same nitrogen salt were
evaluated using the Z-test (Zar 1999).

Species sensitivity distributions

Species sensitivity distributions (SSDs) were constructed to
visualise differences in 96h-LC50 (median lethal con-
centration) values derived for the five native tropical frog/
toad species and the three nitrogen salts. SSDs were con-
structed with the ETX 2.1 programme (Van Vlaardingen
et al. 2004) by fitting lognormal distribution curves to the
toxicity data. The Anderson—Darling test included in the
ETX software package was used to confirm lognormality of
the curves, which was accepted at the 5% significance level.
The HC5 and HC50 values (hazard concentration for 5 and
50% of the species assemblage included in the SSD,
respectively), together with their 95% confidence intervals,
were also calculated with the ETX software following the
method outlined in Aldenberg and Jaworska (2000).
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Fig. 1 Mortality (in %) of the most sensitive test species to sodium
nitrate, ammonium sulphate and sodium nitrate (c.f. Fig. 2) at the end
of the 4-d acute lethality tests. Bars represent mean + SD

Results and discussion
Differential toxicity of the three nitrogen ions

Tadpole survival was 100% in controls for all five species
tested. Mortality steadily increased with increasing nitrogen
concentrations from low percentages at lower concentrations
up to 100% in the higher test concentrations (see examples
provided in Fig. 1). Subsequently, LC50 values could be
generated for all compound-species combination, except for
B. pardalis exposed to ammonium sulphate since the highest
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Table 2 4-d LC50 values (mean=SD) derived for the different
nitrogen salts and frog/toad test species evaluated in the present study

Test species/ Ammonium Sodium Sodium
compound sulphate nitrate nitrite
Boana faber 745 + 86¢ 1547 +12¢ 182 +33°
Boana pardalis >400 909 + 16° 33+18*
Physalaemus cuvieri 198 + 10° 930 +70° 163 +25¢
Physalaemus olfersii 297 +£21° 744 + 110* 84+17°
Rhinella ornata 264 +13° 1453 +70¢ 192 +20°¢

All toxicity data are expressed in mgN/L. Statistically significant
differences in LC50 values between species for the same nitrogen salt
are indicated with superscript letters (Zar 1999)
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Fig. 2 Species sensitivity distribution (SSD) curves depicting the
relative acute sensitivity of the tadpoles of five native amphibian
species tested in the present study

test concentration did not exert 50% effect (Table 2). The
distribution of these LC50 values were plotted in the SSD
provided in Fig. 2. As may be deducted from the SSD curves
in this Figure, as well as from their HC5 and HC50 values
(Table 3), the overall order of sensitivity was N-nitrite > N-
ammonium > N-nitrate. In line with this, Valencia-Castafieda
et al. (2019) denoted the same differential toxicity of these
three nitrogen ions to juveniles of the shrimp Litopenaeus
vannamei. Studies with fish, however, have shown a pattern
of higher ammonia toxicity as compared to nitrite and nitrate
(Tilak et al. 2002; Luo et al. 2016 and references therein).
Ilha and Schiesari (2014) evaluated the differential sensi-
tivity of prolonged exposure (21 days) to sodium nitrite,
ammonium sulphate and sodium nitrate to B. faber. At a test
concentration of 10 mg N/L, they denoted a slightly greater
negative effect on survival of nitrite as compared to
ammonium (and no effects of nitrate), which is in line with
the results of the present (acute exposure) study. However,
relative sublethal sensitivity depended on the test parameter

Table 3 Mean HC5 and HC50 (hazard concentration for 5 and 50% of
the species assemblage included in the SSD, respectively; in mg N/L)
values and their respective 95% confidence intervals (in parenthesis)
derived from the SSD curves for the different nitrogen salts tested in
the present study

Test species/compound HCS HC50

115 (17-214)
607 (280-825)
29 (4.7-59)

328 (167-644)
1072 (790-1453)
110 (54-224)

Ammonium sulphate
Sodium nitrate

Sodium nitrite

considered: only nitrite had a significant negative effect on
body mass, but only ammonium resulted in a significant
reduction in activity rates (Ilha and Schiesari 2014). Besides
toxic effect measurement, several other factors have been
indicated to influence nitrogen speciation and (hence) toxi-
city to amphibians. The most commonly mentioned factors
are pH and temperature (e.g. Casali-Pereira et al. 2015;
Wang and Leung 2015; Liu et al. 2019), but also intraspe-
cific (e.g. depending on developmental stage) and inter-
specific variation evidently plays a great role (Bellezi et al.
2015; Ortiz-Santaliestra et al. 2006; Shinn et al. 2008).

Relative toxicity of the test species and other
amphibians

Regarding interspecific sensitivity variation, the five species
differed in their sensitivity depending on the nitrogen ion:
B. pardalis, P. cuvieri and P. olfersii were the most sensi-
tive among the test species to nitrite, ammonium and nitrate,
respectively (Fig. 2; Table 2). It should be noted, however,
that the difference in LC50 values between the most and
least sensitive test species for these compounds was only a
factor 6, 4 and 2, respectively. That these factors are rela-
tively low may be exemplified with the fact that the
response variability in bioassays with the same species and
compound may be a factor 3 or more (Sprague 1985; Baird
et al. 1989).

Amphibians in tropical waters have previously been
suggested to be more susceptible to ammonium stress than
their temperate counterparts (Wang and Leung 2015;
Mooney et al. 2019). Mooney et al. (2019), however, dis-
cussed that this is more likely to be related with differences
in physico-chemical water quality parameters (e.g. low
ionic strength of tropical waters tested), rather than to an
intrinsic physiological difference in sensitivity of species
from tropical and temperate regions. Schuytema and
Nebeker (1999) evaluated the toxicity of ammonium sul-
phate and sodium nitrate to tadpoles of the high-latitude
Pacific treefrog Pseudacris regilla and the African clawed
frog Xenopus laevis, a species native to arid/semiarid
regions of Sub-Saharan Africa. The 4d-LC50 values they
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reported for ammonium (as ammonium sulphate; 115 and
135 mg N/L) were slightly lower than those obtained in
the present study, while the 4d-LC50 values for nitrate in
that study (as sodium nitrate; 1750 and 1656 mg N/L)
were consistent with the highest ones that we obtained
(Table 2). Wang et al. (2020) reported 4d-EC50 values of
601 mg N/L and 694 mg N/L for grey treefrog Hyla ver-
sicolor and wood frog (Lithobates sylvaticus) larvae.
Although these values are lower than those derived in the
present study (Table 2), it should be noted that immobility
was used as endpoint by Wang et al. (2020) instead of
mortality. Finally, the 1d-LC50 of 112mgN/L for the
temperate species Rana temporaria exposed to nitrite (as
sodium nitrite; recalculated by the authors from data in
Williams and Eddy (1986) is well in the range of the
corresponding values of the tropical species tested in the
present study (Table 2). There thus does not appear to be
an intrinsic higher of lower sensitivity of the tropical
tadpoles to the nitrogen salts evaluated as compared to
their temperate counterparts.

Implications for the risk of the nitrogen salts and
concluding remarks

Ilha and Schiesari (2014) reviewed ammonia, nitrate and
nitrite concentrations measured in native, agricultural and
urban habitats of the State of Sdo Paulo. Maximum ammonia
and nitrate concentrations reported in agricultural (including
sugarcane) habitats were below 71 and 9 mg N/L, respec-
tively, whereas nitrite levels were in the 10-100ug N/L
range. Subsequently, no acute lethal effects are to be
expected considering the toxicity data derived in the present
study (Tables 2, 3; Figs 1, 2). Several indirect and interactive
effects of low nitrogen pollution on amphibians, however,
have been discussed, which include: (i) a competitive dis-
advantage with the nitrogen-tolerant invasive bullfrogs
(Marco et al. 1999); (ii) increased parasitism (Camargo and
Alonso 2006); and (iii) greater toxicity of pesticides at
increased nitrogen levels (Hedge et al. 2019). In addition,
very few chronic and field studies have been conducted so
far with tropical amphibians to elucidate the chain of effects
of sublethal nitrogen levels under environmental-realistic
conditions (Daam et al. 2019; Mooney et al. 2019).
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