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Abstract: Aim: In this study we compared the sensitivity of three species of Cladocera,
Daphnia magna, Ceriodaphnia silvestrii and Macrothrix flabelligera, to the commercial
product of the herbicide Atrazine, the Atrazine Atanor 50 SC* (500 g/L), widely used
on crops in Brazil. Methods: Acute toxicity tests were performed at the nominal
atrazine concentrations 2.25, 4.5, 9.0, 18.0, 36 and 72 mg L', on C. silvestrii and M.
flabelligera and at 2.25, 4.5, 9.0, 18.0, 36, 72 and 144 mg L™ on D. magna. The range of
concentrations tested was established in a series of preliminary tests. Results: The toxicity
tests showed that the two species naturally occurring in water bodies in Brazil were more
susceptible than Daphnia magna. The effective concentrations of Atrazine Atanor 50 SC*
(EC,-48 h) to the species M. flabelligera, C. silvestrii and D. magna were 12.37 + 2.67
mg L, 14.30 + 1.55 mg L" and 50.41 + 2.64 mg L', respectively. Furthermore, when
EC,, observed here for M. flabelligera and C. silvestrii were compared with published
values of EC, or LC, (mg L) for various aquatic organisms exposed to atrazine, it was
seen that these two cladocerans were the most sensitive to the herbicide. Conclusions:
Considering these results and the broad distribution of C. silvestrii and M. flabelligera
in tropical and subtropical regions, it is concluded that these native species would be
valuable test organisms in ecotoxicological tests, for the monitoring of toxic substances
in tropical freshwaters.
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Resumo: Objetivo: Neste estudo comparamos a sensibilidade de trés espécies de
cladéceros, Daphnia magna, Ceriodaphnia silvestrii e Macrothrix flabelligera quando
expostas ao herbicida Atrazina Atanor 50 SC® (500 g/L), amplamente utilizado em
plantacoes no Brasil. Métodos: Foram realizados testes de toxicidade aguda das
concentragbes nominais de atrazina nos valores de 2,25; 4,5; 9,0; 18,0; 36 ¢ 72 mg L™
para C. silvestrii e M. flabelligera e de 2,25; 4,5; 9,0; 18,0; 36; 72 e 144 mg L™ para
D. magna. Estas faixas de concentragoes foram estabelecidas em testes preliminares.
Resultados: Os testes de toxicidade mostraram que as duas espécies que ocorrem
naturalmente nos corpos d’4gua do Brasil foram mais sensiveis do que Daphnia magna.
As concentragoes efetivas de Atrazina Atanor 50 SC° (CE,-48 h) para M. flabelligera,
C. silvestrii e D.magna, foram 12.37 + 2.67 mg L', 14.30 £1.55 mg L™ e 50.41 + 2.64
mg !, respectivamente. Comparando-se os valores de CE, | da atrazina obtidos para M.
Sflabelligera e C. silvestrii com valores de CE,, ou CL, (mg L) disponiveis na literatura
para diferentes organismos aqudticos observa-se que os cladéceros testados foram mais
sensiveis ao herbicida do que os demais. Conclusdes: Com base nestes resultados e
considerando-se a ampla distribuicao de C. silvestrii e M. flabelligera em regides tropicais
e subtropicais, conclui-se que estas espécies nativas sio importantes organismos-teste a
serem utilizados em ensaios ecotoxicolégicos para o monitoramento de toxicidade nas
dguas doces tropicais.

Palavras-chave: Cladocera, Ecotoxicologia, Atrazina Atanor 50 SC°, pesticida.
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1. Introduction

The number of synthetic chemical substances
has greatly expanded over the last few decades.
Large quantities of toxic chemicals are released
into the environment, contaminating air, soil and
water (Bonaventura and Johnson, 1997). Among
the numerous chemicals that reach bodies of
freshwater, pesticides have particularly serious effects
on the aquatic biota and can lead to great losses in
biodiversity (Griitzmacher et al., 2008; Aguilar-
Alberola and Mesquita-Joanes, 2012).

The increasing world population and
corresponding demand for food has encouraged
the expansion of agribusiness and motivated the
use of large quantities of herbicides on crops, to
decrease damage caused by weeds and thus boost
productivity. The herbicide atrazine, which is an
inhibitor of photosynthesis, is also an artificial
compound classified as a potential endocrine
disruptor that may act by stimulating the activity
of the aromatase enzyme that converts testosterone
to estrogen (Sanderson et al., 2000). In the tropics,
owing to its relatively free mobility in the soil and
the frequently torrential rains in the summer, most
of the atrazine applied to crops is leached out
and, consequently, residues are found in various
environments, especially in surface water and
groundwater (Gilliom et al., 2006; Wightwick and
Allinson, 2007).

Cladocerans are an important component of the
zooplankton. They consume phytoplankton and are,
in turn, heavily preyed upon by larval fish (Dettmers
and Stein, 1992). The use of cladocerans in toxicity
tests has many advantages, including their ease of
handling, the possibility of obtaining clones by
parthenogenesis, their short life cycle and high
sensitivity to toxicants. These characteristics make
them suitable test organisms for bioassays (Adema,
1978; Trayler and Davis, 1996). The cladoceran
most commonly used in aquatic ecotoxicology
is undoubtedly Daphnia magna (Baillieul and
Blust, 1999; Biesinger and Christensen, 1972;
Lilius et al., 1995; Winner and Farrell, 1976).
However, the natural geographical distribution of
this species is restricted to areas of northern high
and mid-latitudes (Mitchell et al., 2004). The use
of such temperate species in tropical regions for
ecotoxicological assessments seems inappropriate,
since the toxic responses of organisms to chemicals
are often species-specific.

Acute toxicity of the herbicide atrazine to several
other species belonging to different taxonomical
groups can be found in the literature in relation to
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mortality, expressed as LC of atrazine: 17.1 mg
L' to the cladoceran Pseudosida ramosa (Freitas
and Rocha, 2011); 33.0 mg L™ to the amphipod
Hyalella azteca (Wan et al., 2006); 36.7 mg L™
to the anostracean Thamnocephalus platyurus
(Palma et al., 2008); 18.9 mg L to the amphibian
Rana catesbeiana (Taylor et al., 1991); over 480 mg
L' (Wan et al. 2006) and 48.0 mg L™ to the fish
Oncorhynchus kisutch (Wan et al., 2000). In relation
to the other parameters as growth inhibition after 72
hours of exposure a LC, 0f 0.196 mg L™ of atrazine
was found to the algae Raphidocelis subcapitata,
according to Pérez et al. (2011). In relation to
luminescence inhibition to the bacterium Vibrio
fischeri Palma et al. (2008) obtained LC, values of
69.4 mg L.

With this study we intend to extend the
knowledge particularly regarding the effects of
atrazine upon non-target freshwater invertebrates,
evaluating its acute toxicity effects on two
Neotropical native species occurring in Brazil.

Thus, in the present study we used the
cladocerans Daphnia magna, Ceriodaphnia silvestrii
and Macrothrix flabelligera to test the acute effects
of the commercial product Atrazine Atanor 50 SC,
with the goal of determining the acute toxicity of
atrazine to cladocerans and comparing the results
obtained for Daphnia magna with those for species
Ceriodaphnia silvestrii and Macrothrix flabelligera
occurring in Brazilian freshwaters, leading to a
discussion of the importance of using native species
in ecotoxicological monitoring.

2. Material and Methods

2.1. Organism and culture conditions

The cladoceran Daphnia magna is an exotic
planktonic microcrustacean widely distributed in
the northern hemisphere, measuring 3 to 6 mm
in length (ABNT, 2004; Koivisto, 1995). The
species Ceriodaphnia silvestrii is a native planktonic
microcrustacean, found in Brazil and Argentina,
which reaches just 0.8 to 0.9 mm in length (Fonseca
and Rocha, 2004) Macrothrix flabelligera is a non-
planktonic microcrustacean isolated in Australia and
Brazil, 1.0 mm long (Guintzel et al., 2004).

Ceriodaphnia silvestrii was originally isolated
from Broa Reservoir, Brotas, SP. Daphnia magnawas
obtained from the Ecotoxicology Laboratory of the
Center for Nuclear Energy in Agriculture (CENA),
Piracicaba SP and kept in stock cultures for more
than 5 years in the laboratory of Ecotoxicology at
the Federal University of Sao Carlos. Macrothrix
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Slabelligera was isolated from experimental tanks of

10.000 L capacity, maintained at the Aquaculture
Station of the Hydrobiology Department at the
Federal University of Sao Carlos, Sio Carlos, SP.

The cultures of D. magna were kept in an
incubator at a controlled temperature of 22 + 2°C
and with a 12h light: 12h dark photoperiod. While
C. silvestrii and M. flabelligera were keptat 25 + 2°C,
with a 16h light: 8h dark photoperiod.

C. silvestrii and M. flabelligera were cultured
in reconstituted soft water, prepared according to
ABNT (2005) with the following characteristics:
pH 7.0 to 7.8, hardness between 40 and 48 mg
CaCO, L' and electrical conductivity 160 pS cm™.
These two species were kept in 2L beakers holding
up to 140 individuals.

D. magna was cultured in an artificial culture
medium of high hardness (ASTM, 1980), as follows:
pH 8.0 to 8.6 and hardness between 180 and 220
mg CaCO, L. This species was maintained in
beakers of 2 L holding up to 50 individuals.

Cultures of C. silvestrii and M. flabelligera
were fed with a suspension of the alga Raphidocelis
subcapirata, grown in CHU-12 medium (Miiller,
1972) to a final density of 1 x 10° cells mL™, and a
feed composed of yeast and fish meal (fermented in
the ratio 1:1) at a concentration of 1 mL L' (ABNT,
2004). The D. magna cultures were fed as described
for C. silvestrii and M. flabelligera, but with twice
the quantity of algal suspension (2 x 10° cells mL™).

The cultures were renewed three times a week,
when the water and the food were changed. The
health and sensitivity of the test organisms were
checked monthly, by performing acute toxicity tests
with the reference substance sodium chloride for C.
silvestrii and potassium dichromate for D. magna

and M. flabelligera.
2.2. Acute toxicity tests

The atrazine herbicide used, Atanor 50 SC°
(500 g/L), contained 50% of the active ingredient.
This commercial product (soluble in water) was
diluted directly in reconstituted water for the tests.
The test procedure conformed to the Brazilian
Standard Method (ABNT, 2004). The acute toxicity
tests consisted in exposing 5 neonates, aged less
than 24 hours, in replicate, to a series of nominal
concentrations of atrazine (2.25; 4.5; 9.0; 18.0; 36
and 72 mg L™ for C. silvestrii and M. flabelligera
and 2.25; 4.5; 9.0; 18.0; 36; 72 and 144.0 mg L™
for D. magna) in 10 ml test solution. The range of
concentrations tested was established in a series of
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preliminary tests. The concentrations were prepared
immediately before the tests.

The toxicity tests lasted 48 hours and were
petformed in cell culture plates with 6 wells (TPP?).
The control was reconstituted water. Four replicates
were done for the control and for each tested
concentration of atrazine. The experiments were
kept at the same temperature as the stock cultures,
without food or light. At the beginning of the tests,
the variables pH, conductivity, temperature and
hardness were measured in the test-solutions; these
variables were measured again at the end of the test
(except hardness) for those to which there was not
a sufficient volume.

2.3. Data treatment and statistical analysis

After the period of exposure (48 hours),
the motionless organisms were counted. If the
percentage of motionless organisms in the control
exceeded 10%, the test would be considered invalid;
however, this did not occur in this experiment. The
results were expressed as EC, (48-h) — effective
average concentration that causes an acute effect on
50% of the organisms in the exposure time (ABNT,
2004), with a confidence interval of 95%, using the
statistical program Trimmed Spearmann — Karber
(Hamilton et al., 1977).

The sensitivity of the three cladoceran species
exposed to the herbicide atrazine was evaluated from
their performance in three test runs. The results were
shown as box-plot graphs in which the upper and
lower confidence limits approximately correspond
to plus or minus two standard deviations for the
mean EC, 48-h values obtained.

3. Results

During the acute toxicity tests for C. silvestrii
and M. flabelligera, the average pH measured in the
test solutions remained within the range from 7.0
to 7.7 and did not vary by more than 1.0 unit in
any test, the temperature varied between 24.3 and
25.1°C, the electrical conductivity between 152.6
and 159.2 uS em™ and the water hardness between
40 and 48 mg CaCO, L. For the D. magna tests
the pH value stayed within the range 8.1 to 8.5 and
did not vary more than 0.5 unit during the test; the
temperature varied between 21.6 and 22.9°C, the
electrical conductivity 502 to 552 uS cm™ and the
initial hardness varied from 180 to 188 mg CaCO,
L. Thus, the toxicity tests fulfilled the validity
criteria specified in the guidelines of the Brazilian
Association of Technical Standards (ABNT,
2005) for C. silvestrii and of the Organization for
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Economic Cooperation and Development (OECD,
2004) for D. magna. At the end of the tests, the
mortality in the controls never exceeded 10%, as
recommended in the OECD guidelines.

The values of EC, - 48h and the respective 95%
confidence intervals (CI), for the three species, of
the commercial herbicide atrazine Atanor 50 SC°
were calculated separately for each one of the three
tests of each species. The EC, | data, Cl and standard
deviations are presented in Table 1. The sensitivity
of D. magna was between 45.12 and 55.69 mg L™,
with an average of 50.41 mg L'; of C. silvestrii
between 11.20 and 17.39 mg L', with an average
of 14.30 mg L™, and of M. flabelligera between
7.02 and 17.71 mg L, with an average of 12.37
mg L™ (Figure 1).

Concentrations (mg L‘1)
&
1

=

-5 T T T
Daphnia magna Ceriod: silvestrii

Figure 1. Box-plots representing mean EC, | - 48h sensi-
tivity values + 2 standard deviations of Daphnia magna,
Ceriodaphnia silvestrii and Macrothrix flabelligera to the
atrazine Atanor 50 SC® based on three acute toxicity tests.
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4, Discussion

According to the results, M. flabelligera and C.
silvestrii showed greater sensitivity to the herbicide
Atrazine Atanor SC° than D. magna, since the value
of EC,  — 48h for M. flabelligera was fourfold and
C. silvestrii threefold lower than that for D. magna
(See Figure 1).

The values of EC, - 48h of atrazine found in
the literature for the cladocerans most often used as
test-organisms in temperate regions were 24.6 mg
L (Phyu et al., 2004), 26.9 mg L' (Macek et al.,
1976, cited in Freitas and Rocha, 2012) and 36.5
mg L™ (Hartman and Martin, 1985), for Daphnia
carinata, D. magna and D. pulex, respectively.
Thus, the values of EC, - 48h for the native species
(Ceriodaphnia silvestrii and Macrothrix flabelligera)
are also lower than those reported for Daphnia
magna as well as for other cladoceran species as can
be observed in Table 2.

Freitas and Rocha (2011) tested the acute
toxicity of atrazine (99% pure) on a species of
tropical cladoceran Pseudosida ramosa and found
LC,, to be 17.1 mg L, also lower than the one
recorded for the cladocerans usually used as test-
organisms. However this value is also higher than
the mean values recorded for the native species from
our study, Macrothrix flabelligera (12.4 mg L") and
Ceriodaphnia silvestrii (14.3 mg L™).

Direct comparisons of LC, or EC, values
measured with several different freshwater
invertebrates are somewhat hard to interpret because
laboratory culture conditions usually differ with

Table 1. Mean values for EC, —48h of atrazine and 95% confidence intervals (inside parenthesis) for the cladocerans
Ceriodaphnia silvestrii, Daphnia magna and Macrothrix flabelligera based on the results of three tests performed plus

the estimated mean and standard deviation.

Test Number Daphnia magna (mg L)

Ceriodaphnia silvestrii (mg L")

Macrothrix flabelligera (mg L")

1 48.60 (36.13 - 65.39)

2 53.44 (35.31 - 80.88)

3 49.18 (38.40 - 62.99)
X+SD 50.41 £ 2.64

14.60 (11.69 - 18.24)

12.62 (10.33 - 15.43)

15.67 (12.60 - 19.49)
14.30 + 1.55

11.15 (8.18 - 15.20)

15.43 (11.96 - 19.91)

10.52 (8.06 - 13.73)
12.37 +2.67

Table 2. Acute toxicity values (EC,)) from the present study and from literature for some species of Cladocera ex-

posed to atrazine.

Test organism

Parameters

EC,, (mg L")

Reference

Ceriodaphnia dubia
Ceriodaphnia silvestrii
Daphnia carinata
Daphnia magna

Daphnia pulex
Macrothrix flabelligera

Immobilization - 48 h
Immobilization - 48 h
Immobilization - 48 h
Immobilization - 48 h
Immobilization - 48 h
Immobilization - 48 h
Immobilization - 48 h

14.6 Foster et al. (1998)
14.3 Present study

24.6 Phyu et al. (2004)
50.4 Present study

355 Palma et al. (2008)
36.5 Hartman and Martin (1985)
12.4 Present study
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regard to photoperiod, temperature, exposure time
and composition of culture media. In the case of
atrazine, it is known that their toxicities can increase
with increasing temperature (Folt et al., 1999;
Mayasich et al., 1986). Therefore, differences in
LC,, or EC, values should be treated with caution
when intrinsic differences in sensitivity are being
compared among cladoceran species. Another
important issue is the variation in the hardness
of the reconstituted water used to culture the test
species; thus, for C. silvestrii and M. flabelligera,
the hardness was within the range stipulated in the
ABNT (2005) guidelines for C. silvestrii (40 to 48
mg CaCO, L"), much lower than the value used for
D. magna (180 to 220 mg CaCO, L). Therefore,
further studies of the sensitivity of C. silvestrii and
M. flabelligera are needed with respect to variations
in the hardness of the water; in particular testing
with the same toxic compound, should be done
at high hardness, close to the standard values
recommended by OECD (2004) for D. magna.

It is expected that if it was possible to test both
species at the same water hardness, their sensitivity
would probably become closer, since increasing
water hardness usually decreases toxicity (Aragio
and Aragjo, 2008). These tests would nevertheless
require the previous and gradual adaptation of each
species to a range of hardness that is outside of the
optimum in their tolerance curve.

In this study, the objective was to compare the
susceptibility of the cladoceran species under the
test conditions recommended in the test protocols.
When these protocols are used to establish the
maximum allowed levels of substances in local
water quality criteria, comparisons performed
under local conditions are valid. For example, in
the tropical countries temperatures that vary from
23 to 27°C are recommended for the toxicity tests,
(ABNT, 2010), while in temperate countries,
protocols recommend a temperature varying from
18 to 22°C (OECD 2004, 2008). The maximum
allowed levels for atrazine in a tropical country,
established with the use of a temperate cladoceran
species protocol, could therefore underestimate the
toxicity of this chemical product to the tropical
biota. Table 2 displays the reported values of EC,,
(mg L) for cladocerans exposed to the herbicide
atrazine. Comparing the EC, - 48h values for
atrazine obtained for M. flabelligera and C. silvestrii
with those for other species, it can be seen that on
the whole these two native species tested in the
present study are more sensitive to atrazine than the
cladoceran species tested in other studies.
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The state of Sao Paulo is the greatest consumer
of agrochemicals in Brazil (Armas et al., 2007).
Over the years, triazines, and especially atrazine,
have been used in great quantities in sugarcane
plantations (Armas et al., 2005). In the sub-basin
of the Corumbataf River (Piracicaba River basin),
which encompasses a region of intensive sugarcane
planting, atrazine concentrations that varied
between 0.6 and 2.7 pg L' were found during
the rainy summer (Armas et al., 2007). In Brazil,
both the National Council for the Environment
(CONAMA, 2005) and Ministry of Health— Brazil
(2004) recommend a maximum level for atrazine
of 2 pg L' in surface waters, in order to protect
human health and aquatic life.

Although the actual concentrations found in
Corumbatai River are above the maximum level
permitted by law, they are about three to five
orders of magnitude below the acute toxic level
established in this study for D. magna, C. silvestrii
and M. flabelligera. Apparently these species, in
particular those occurring in Brazilian water bodies
(M. flabelligera and C. silvestrii), would be protected
from the acute effects of this herbicide. However,
the indirect effects of atrazine on zooplankton
organisms, such as alterations in the food sources
should also be considered. As the primary mode of
action of atrazine is the inhibition of photosynthesis,
the direct effects of this compound in the water
bodies occur mainly in the algal community
(Dewey, 1986).

In many cases, native tropical species have been
more sensitive to many compounds than many
non-native temperate species, as it was observed
for sodium and potassium by Freitas and Rocha,
2011 and for pesticides (diazinon and methyl
parathion) and metals (chromium and mercury)
by Do Hong et al. (2004). However, many water
quality criteria in tropical regions are based on
ecotoxicological tests with non-native species.
This may lead to errors of interpretation when
the maximum permitted levels for each particular
toxic substance are established. To establish a
realistic profile of the toxicity of the herbicide
atrazine, we suggest that tests with a number of
other native species belonging to zooplankton and
also to other communities should be performed,
using concentration ranges found in tropical
freshwaters in order to get more realistic insights
on the unintentional side-effects of herbicides on
non-target freshwater microbiota.
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