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The indiscriminate and excessive use of pesticides poses serious risks to humans and the environment,
including soil biota. Ecotoxicological tests are useful to indicate the extent to which these chemicals are
harmful and how and where their effects occur. Some of these tests were standardized by ISO (Inter-
national Organization for Standartization) using the earthworm species Eisenia fetida and Eisenia andrei,
both native to temperate climates. However, these species may be of lower relevance for soil ecotox-

Ié:{&?j;:z i icological studies since they live in the litter and feed on fresh organic matter. The species Pontoscolex
Carbofuran corethrurus, native to tropical regions, may be an alternative for more relevant ecotoxicological tests as
Glyphosate it is an endogeic geophagous species. However, little is known of its sensitivity to pesticides. Therefore,
Earthworms avoidance and mortality tests were performed using E. andrei and P. corethrurus and three pesticides com-

monly used in Brazilian agriculture: carbendazim, carbofuran and glyphosate. The tests were conducted
in tropical artificial soil (TAS). For carbendazim, the median avoidance concentration (ACso) was 76.1
and 65.8 mga.i.kg~! and the median lethal concentration (LCso) 19.7 and 15.3 mga.i.kg~! for E. andrei
and P. corethrurus, respectively. For carbofuran, the ACso was 9.7 and 7.3 mga.i.kg~' and LCsg 13.5 and
9.3 mga.i.kg~! for E. andrei and P. corethrurus, respectively. Concentrations applied in the field of these
two pesticides have toxic effects on both species. Glyphosate showed no toxic effects for either species
even at the highest concentration tested (47 mga.i.kg~1), although they displayed avoidance behavior
at this concentration. The sensitivity of P. corethrurus appears to be similar to the standard species for
the pesticides evaluated reinforcing the notion that E. andrei is a good test species. Nevertheless, further
studies should be undertaken using other contaminants to confirm the similar sensitivity of both species
and the relevance of E. andrei in ecotoxicological tests.

Ecotoxicology

© 2012 Elsevier B.V. All rights reserved.

1. Introduction susceptibility of the organism, concentration, characteristics of the

chemical or its applied combinations and environmental factors

Brazil is currently the largest consumer of pesticides world-
wide and the eighth per cultivated area (Anvisa, 2006; Rebelo et al.,
2010). Nevertheless, the side-effects of this high pesticide usage on
the soil ecosystem have been little studied in relation to non-target
organismes.

Pesticides can affect the soil and its biota by direct contact,
or indirectly, by volatilization, leaching and dispersion (Andréa,
2010). The toxicity of a chemical depends on the exposure time, the
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(Fent, 2004). The toxicity to a test organism of different chemicals
may differ between temperate and tropical regions (Laabs et al.,
2002; Garcia et al., 2004, 2011; De Silva and van Gestel, 2009b),
so that results from the Northern hemisphere may not be directly
applicable to tropical ecosystems (Garcia et al., 2011).

The ISO protocols for ecotoxicological tests using earthworms
and contaminated soils recommend Eisenia fetida (Savigny, 1826)
and Eisenia andrei Bouché, 1972 native to temperate regions (ISO,
1993, 2007). These epigeic species feed on fresh organic matter on
the soil surface and do not ingest soil (Lavelle, 1988), and are rec-
ognized as having sub-optimal ecological relevance for assessing
exposure effects in natural soils. However, for practical reasons
both species are still widely used for these purposes due to their
short reproduction time, easy handling in laboratory and the wealth
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of information on their sensitivity to various types of pollutants
(Udovic and Lestan, 2010; Gomez-Eyles et al., 2011; Kinney et al.,
2012; Wang et al., 2012). Nevertheless, the testing of natural soil
or tropical artificial soil (TAS; Garcia et al., 2004) and earthworm
species found in tropical areas (particularly geophagous endogeics
that are dominant in tropical soils; Lavelle, 1983) in toxicity tests
could contribute to a more relevant and reliable risk assessment of
chemicals in the tropics (Kuperman et al., 2009).

Pontoscolex corethrurus (Miiller, 1857) is a native Brazilian
species commonly found in disturbed agricultural and peri-urban
soils of tropical regions both in Brazil and across the globe (Brown
et al., 2006). It is an endogeic geophagous species that might be
a good alternative for more relevant ecotoxicological tests in the
tropics, although little is known of the toxicity of pesticides to this
earthworm species. Therefore, the present experiment was per-
formed to evaluate the sensitivities of E. andrei and P. corethrurus
to three frequently used pesticides in Brazil - carbendazim, carbo-
furan and glyphosate.

2. Materials and methods
2.1. Test substrate

The test substrate used was TAS, developed by Garcia et al.
(2004) and based on the formulation of the OECD artificial soil
(OECD, 1984). In TAS, the organic matter used is powdered coconut
fiber, replacing the OECD sphagnum peat (Garcia et al., 2004; De
Silva and van Gestel, 2009a). TAS consists of 70% fine sand, 20%
kaolinite clay and 10% powdered coconut fiber, with pH adjusted to
6.0 £ 0.5 with calcium carbonate when necessary. The water hold-
ing capacity was adjusted to 60% of the TAS water holding capacity
(i.e., 54% H,0 on TAS dry matter basis).

2.2. Test species

E. andrei, the species recommended by OECD (1984), ISO (2007)
and the Brazilian authorities (IBAMA, 1990; ABNT, 2007), were
obtained from vermicompost at the Centro Paranaense de Refer-
éncia em Agroecologia (CPRA) in Pinhais, Brazil (25°18'47"S;
49°09'28"W), and kept in plastic boxes of 50L filled with cow
manure (from organically raised cows) at the Ecology Laboratory
at Embrapa Forestry from March to December 2009. Food (cow
manure) was offered weekly. P. corethrurus was collected from
March to June and September to December 2009 at a rural house-
hold garden near Embrapa Forestry in Colombo, Brazil (25°23'30"S;
49°07'30” W). Prior to the test, the earthworms were kept in plas-
tic boxes of 2L filled with their natural soil (Cambisol) and fed
horse manure (from one organically raised animal) weekly. Pre-
vious attempts to keep this species in the laboratory with cow
manure were unsuccessful (Buch, personal observation), so horse
manure was used instead. Only adults with biomass of 0.7-1.0 g (P.
corethrurus) and 0.3-0.6 g (E. andrei) were used.

2.3. Pesticides and their concentrations

Carbendazim is a highly persistent, systemic carbamate fungi-
cide used to control diseases in fruit, vegetable and grain production
and for seed treatment. At present, it is registered for four crops in
Brazil and the 10th most widely used pesticide in Brazil (Rebelo
et al., 2010) as well as the reference substance for ecotoxicological
tests established by the OECD (1984). Carbofuran is a carbamate
systemic insecticide and nematicide used in several crops, and has
recently been used for earthworm control in rice fields in South-
ern Brazil, although it is not registered for this crop (Gassen, 2006;
Bartz et al., 2009). Farmers in the State of Rio Grande do Sul have
complained that earthworms (Eukerria spp.) were causing lodging

of rice plants, reducing harvests, so they have been applying car-
bofuran, a known vermicide (Barrion and Litsinger, 1996; De Silva
et al.,, 2010) to try and reduce earthworm populations. Glyphosate
is a systemic herbicide recommended for control of monocot and
dicot weeds, and is registered for 26 different crops. It is the most
widely used active ingredient in Brazil, accounting for 75% of total
herbicide consumption nationwide (Rebelo et al., 2010). According
to the Brazilian Federal Law No. 7802/89 (Brazil, 1989), carbofuran
is extremely toxic (Class I), while glyphosate and carbendazim are
moderately toxic (Class III) (Rebelo et al., 2010).

The nominal concentrations of carbendazim — Derosal® 500 SC
(500gL-1 a.i.) - used for the avoidance test were 0, 1, 3.2, 10, 31.6,
100, 316 and 1000 mga.i. kg~! TAS, and for the mortality test 0, 1,
3.16, 10, 31.6 and 100 mga.i. kg~ TAS, based on application rates
used for soybean.

The nominal concentrations of carbofuran - Furadan® 350 SC
(350gL-'a.i.) - used for the avoidance tests were 0, 0.5, 1, 2.5, 5,
10, 20 and 40 mga.i.kg~! TAS, based on application rates used for
cotton, rice and soybean production. For the mortality test, concen-
trations of 0, 2.5, 5, 10, 16 and 32 mga.i. kg~! TAS were used.

The nominal concentrations of glyphosate — Pica-Pau® 480 SC
(480gL-1a.i.) - used for both the avoidance and mortality tests
were 0, 7, 14, 21, 30 and 47 mga.i.kg~! TAS, based on application
rates used in citrus, cotton, rice and maize production.

Separate soil batches were spiked independently with indi-
vidual pesticides to prepare the required nominal concentrations,
mixed thoroughly, and then weighed out for the ecotoxicological
tests with each species.

2.4. Ecotoxicological tests

2.4.1. Avoidance test

This experiment was carried out according to ISO 17512-1
(ISO, 2007). Acclimatization of the animals was performed in TAS
for 24h in plastic boxes of 2L. Separate tests were performed
for each pesticide using each earthworm species. Each pesti-
cide concentration had five replicates. Transparent plastic boxes
(26.2cm x 17.7 cm x 8.5cm) were filled with TAS up to 4-5cm
height (ca. 500g dry weight). Half of the box was filled with
untreated TAS (control) and the other half with the treated TAS
(pesticide-contaminated) with a cardboard divider between them.
The cardboard separator was removed and ten E. andrei or six P.
corethrurus were placed on the separating line in each test box.
The number of individuals was lower for the latter species due
to their larger biomass and body size (E. andrei measures 4-5cm,
while P. corethrurus, 8-10 cm). The boxes were closed and kept in
the dark at 20+ 4°C. After 48 h the cardboard divider was rein-
troduced between the treated and untreated soils in the box and
the number of worms on each side counted. The individuals found
at the border between the two soil treatments in each box were
assigned to the treatment where the anterior part of the body was
located.

2.4.2. Acute test

This experiment was carried out according to ISO 11268-1 (ISO,
1993). Acclimatization of the animals was performed in TAS for
24 h in plastic boxes of 2 L. Separate tests were performed for each
pesticide using each earthworm species and five replicates for each
concentration. Ten E. andrei or six P. corethrurus were weighed and
placed in 500 mL glass jars filled with ca. 500 g dry weight control
and contaminated TAS. Each jar received 20 g defaunated (three 3-
d freezing cycles) manure (from cows for E. andrei and from a horse
for P. corethrurus), dried and sieved (4 mm) at the beginning of the
experiment and on the seventh day, on the surface of the TAS. The
jars were closed and kept in the dark at 20 £4°C.
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Summary of ecotoxicological benchmarks (mg a.i. kg~!) for Pontoscolex corethrurus and Eisenia andrei determined in the avoidance and mortality tests using tropical artificial

soil contaminated with carbendazim, carbofuran, and glyphosate.

Concentrations (mga.i. kg~! TAS)

Pesticides/species ACsq 95% confidence limits LOEC NOEC LCso 95% confidence limits LOEC NOEC
Low High p<0.05 Low High p<0.05
Carbendazim
P. corethrurus 66 37 119 31.6 10.0 15 9 25 3.16 1.0
E. andrei 76 51 113 31.6 10.0 20 12 33 3.16 1.0
Carbofuran
P. corethrurus 7 5 11 2.5 1.0 9 8 11 5.0 25
E. andrei 10 7 13 5.0 25 13 12 15 10.0 5.0
Glyphosate
P. corethrurus 45 36 56 47.0 47.0 - - - - 47.0
E. andrei 46 37 56 30.0 47.0 - - - - 47.0

TAS, tropical artificial soil; ACsp, median avoidance concentration; LCso, median lethal concentration; NOEC, no observed effect concentration; and LOEC, lowest observed

effect concentration.

After 7 days the animals were weighed, dead animals were
counted and removed and the remaining individuals re-incubated
in their respective glass jars. After 14 days the number of dead ani-
mals was determined and the live ones weighed. Morphological
and behavioral alterations were recorded, when observed.

2.5. Data analysis

The percentage of avoidance (A) was calculated using the equa-
tion:

A:<C—£> « 100

where C is the number of animals found in the control soil, T is
the number of animals found in the test soil and N is the total
number of animals used per treatment. A positive result indicates
avoidance and a negative result, attractance to the tested chemical.
The attractance was treated as 0% avoidance as recommended in
the ISO (2007) norm. NOEC (no observed effect concentration) and

LOEC (lowest observed effect concentration) values for the avoid-
ance tests were estimated by Fisher’s Exact test (software 50-50
MANOVA). The values for median avoidance concentration (ACsg)
and the median lethal concentration (LCsq), with the respective 95%
confidence intervals, were determined by the method of trimmed
Spearman-Kadrber (Hamilton et al., 1977). The variance of biomass
in the acute test was calculated using ANOVA for estimated NOEC
and LOEC values. Differences between treatments were assessed
by ANOVA and differences between control and each concentra-
tion were evaluated by Dunnett’s test, at p<0.05 level (software
Minitab® 15.1.0.0).

3. Results
3.1. Avoidance test
At the end of the 48h tests, no earthworm mortality was

observed in any of the treatments for any of the three pesticides. For
E. andrei and P. corethrurus, significant avoidance behavior (p <0.05
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Fig. 1. Avoidance behavior of Pontoscolex corethrurus and Eisenia andrei in tropical artificial soil contaminated with (A) carbendazim, (B) carbofuran, and (C) glyphosate.
Values are means and standard deviations (n=5); *statistically significant effect (p <0.05, Fisher’s test).
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level) to carbendazim began at concentration 31.6mga.i.kg™!
or higher (Fig. 1). Based on the ACsy values, avoidance reac-
tions revealed similar sensitivity of both species to carbendazim
(Table 1).

Carbofuran concentrations of 2.5 mga.i. kg=! or higher resulted
in significant avoidance behaviour in P. corethrurus. For E. andrei
avoidance was significant at 5mga.i.kg! or higher (Fig. 1). The
ACsq values showed similar sensitivity of both species to this pes-
ticide (Table 1).

Avoidance behavior to glyphosate was significant only at the
highest dose, i.e., 47mga.i.kg~! (p<0.05 level) for P. corethrurus
and at 30mga.i.kg=! or higher for E. andrei (Fig. 1). Neverthe-
less, the sensitivity of both species was not different (similar ACsg;
Table 1).

3.2. Acute test

Carbendazim concentrations of 3.16mga.i.kg~! or higher
caused significant mortality to both P. corethrurus and E. andrei
(Fig. 2). Mortality was similar for both species, as the LCsg values
were not different (Table 1). At 7 days no differences in earth-
worm biomass from the controls were observed for E. andrei, but P.
corethrurus biomass was significantly lower above 31.6 mga.i. kg~!
(Fig. 3). After 14 days, above 10 mg a.i. kg~! both species had lower
biomass than the controls. Nevertheless, overall sensitivity to car-
bendazim and biomass loss of both species was similar.

Carbofuran concentrations of 5 mga.i. kg~! or above had signif-
icant lethal effects on P. corethrurus, while for E. andrei these were
observed at concentrations of 10 mg a.i. kg~! and higher (Fig. 2). The
LCsp was smaller for P. corethrurus compared to E. andrei (Table 1).
After 7 days, significant biomass reduction was observed only with
E. andrei at 10 and 16 mga.i.kg~! (Fig. 3). After 14 days, concen-
trations of 5 and 10 mga.i.kg~! or higher significantly reduced P.
corethrurus and E. andrei biomass, respectively.

Even the highest concentrations of glyphosate (47 mga.i.kg1)
did not lead to significant mortality (3-4%) of either E. andrei or
P. corethrurus (Fig. 2). Therefore, no LCsg estimates were possible
(Table 1). Biomass losses of both species were not significantly dif-
ferent from controls at any concentration after 7 or 14 days (Fig. 3).

Several behavioral and morphological alterations were
observed after acute exposure to carbendazim and carbofu-
ran. In TAS contaminated with glyphosate no alterations were
observed in the few dead worms encountered. Beginning at 7
days, most (86%) of the P. corethrurus individuals rolled into balls
at carbendazim concentrations of 10mgi.a.kg=! or higher and
60% of the E. andrei individuals excreted a yellow fluid (probably
from the coelom) and glued to the side of the glass jars. At the
highest concentration, 25% of the P. corethrurus individuals began
to show decomposition of the posterior body after the first week.
With carbofuran after 1 week at concentrations of 5mgi.a. kg=! or
higher, 63% of the P. corethrurus showed autotomy in several body
segments. In 4% of the animals, exposed lesions and decomposition
began from the mid-to-hind part of the body. In E. andrei segment
bloating and intestinal rupture was observed in more than 50% of
the wormes.

4. Discussion

The present experiment confirmed the toxicity class of the
insecticide carbofuran as the most toxic to both earthworm species,
although the fungicide carbendazim had toxicities similar to carbo-
furan. On the other hand, the herbicide glyphosate was found to be
non-toxic for both species at the concentrations used (Table 1). The
concentrations recommended for field applications of carbendazim
(6.31 mga.i.kg~1) and carbofuran (5 mga.i. kg~1) caused avoidance
and mortality of both P. corethrurus and E. andrei, while only the
highest concentrations of glyphosate led to avoidance behavior of
these species.

Carbendazim and carbofuran have well known toxicity to native
and exotic species of several earthworm families (Haque and Ebing,
1983; Gough, 1986; Martin, 1986; Panda and Sahu, 2004; Ellis et al.,
2010; Tripathi et al., 2010; De Silva et al., 2010), while glyphosate
generally has non-toxic or less-toxic effects (Dalby et al., 1995;
Yasmin and D’Souza, 2007). Most herbicides are less toxic to earth-
worms than insecticides and fungicides, although some can be
lethal, depending on the active ingredient (Edwards and Bohlen,
1992). Furthermore, long-term exposure to herbicides (e.g., from
repeated applications or soil contamination) such as glyphosate
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Fig. 2. Mortality of Pontoscolex corethrurus and Eisenia andrei in Tropical Artificial Soil contaminated with (A) carbendazim, (B) carbofuran, and (C) glyphosate. Values are
means and standard deviations (n=5); *statistically significant difference between concentrations used for the same species (p <0.05, Dunnett’s test).
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carbendazim (1), carbofuran (2), and glyphosate (3). Values are means and standard deviations (n=>5); *statistically significant difference between concentrations used for

the same species (p <0.05, Dunnett’s test).

can lead to bio-accumulation in their tissues (Andréa et al., 2004),
as well as sub-lethal effects that may alter their reproduction and
negatively affect field populations (Springett and Gray, 1992; Avilés
and Ordaz, 1998; Casabé et al., 2007). This is particularly concerning
given the large amount of glyphosate used annually in Brazil and
other countries for weed control, especially in conservation tillage
agroecosystems.

Being epigeic and a litter feeder, E. andrei is more likely to
come into direct contact with pesticides applied on the soil sur-
face and those that have been absorbed by or adsorbed to plant
litter. Therefore, in principle, E. andrei could be considered less
effective for natural soil-based tests, as it is not found in field soils
and not ingesting soil, it might be less affected by soil contamina-
tion as would an endogeic geophagous species. Standard toxicity
tests with earthworms do not involve surface litter. If they did, E.
andrei might have less contact with the toxicant, since it is added
to soil and the worms would stay mostly in the litter. Because no
litter is added to the tests, E. andrei behaves as an epi-endogeic,
burrowing through the mixture, although it is probably feeding
on the organic fractions (mainly manure and possibly the coconut
fiber). In standard tests, pesticides are added to the water used to
hydrate the artificial soil and incorporated as evenly as possible to
the substrate. Therefore, it is simulating more the behavior of the
contaminant once it has entered the soil matrix. In this scenario,
it is mainly the endogeic behavior of earthworms (such as with P.
corethrurus) that will cause the earthworms to enter into contact
with the contaminant.

Under standard test conditions, both E. andrei and P. corethrurus
may be affected by soil contamination by epidermal contact and by
passage of the substrate through the gut, where the contaminant
may affect internal organs such as the esophagus, crop, gizzard and

intestine. In the latter case, higher ingestion rates of substrate may
involve greater potential toxicity of the contaminants, though little
is known of the ingestion rates of E. andrei and P. corethrurus in TAS.
Alterations in the behavior and morphology of earthworms were
observed for both species, and included rolling into balls, autotomy,
segment bloating, coelomic fluid secretion, intestinal rupture and
body decomposition. Some of these alterations have been reported
by other authors, and are typical responses to chemical, environ-
mental and biological stresses. For instance, earthworms frequently
roll into a ball in response to extremes in temperature, moisture,
pH, and soil contamination (Langdon et al., 1999). Carbofuran is
known to induce segment bloating and death of E. andrei (Sileo
and Gilman, 1975; Roberts and Dorough, 1984) and Nunes (2010)
observed autotomy of E. andrei with the pesticide Vertimec®. Nev-
ertheless, the mechanisms of toxicological action of pesticides,
especially carbamates in earthworms are still poorly known, and
further research is necessary, in particular using biomarkers that
can reveal sensitive changes at the biochemical, molecular and
behavioral levels (Castellanos and Hernandez, 2007).

Different earthworm species often have different sensitiv-
ities to the same pesticide (e.g., Haque and Ebing, 1983;
De Silva et al, 2009). Garcia (2004) showed higher sen-
sitivity of P. corethrurus to carbendazim in relation to E.
fetida. Higher LCsq (>1000mgi.a.kg=1), NOEC (100mgi.a.kg™1)
and LOEC (316mgi.a.kg~!) were found for E. fetida than for
P. corethrurus (LCsop=45mgi.a.kg-!, NOEC=31.6mgi.a.kg-! and
LOEC=100mgi.a.kg~!). Nonetheless, for the pesticides tested in
the present experiment there were no important and very few
significant differences between both species in their sensitivity to
the three pesticides used. The ACsq for carbofuran did not differ
between species, but the LC5g was lower in P. corethrurus, indicating
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a higher sensitivity of this species. In contrast to the findings of
Garcia (2004), in our study the toxicity of carbendazim expressed
by LCsq and ACsg in the mortality and avoidance tests were similar
for both species. This may be due to the higher temperature used by
Garcia (2004) during his tests (28 + 2 °C), that could have caused a
higher toxicity of carbendazim to the tropical species in comparison
to the lower temperature (20 +4 °C)used in the present experiment
(De Silva et al., 2009).

P. corethrurus has been proposed as a good indicator for evaluat-
ing soil quality and the disturbance of natural ecosystems (Brown
etal., 2006; Rombke et al., 2009), contamination with heavy metals
(Ling, 2008; Duarte et al., 2012) and pesticides (Garcia, 2004).
In fact its widespread occurrence throughout the tropical world
means that it can be readily found and used for ecotoxicological
tests. Nevertheless, there are several limitations associated with
the widespread use of this species and other tropical earthworm
species in ecotoxicological tests. These are mainly related to their
culturability, fecundity and life cycle duration: the species must be
easily cultured, have high fecundity and a short life cycle to produce
a large number of offspring for the tests and facilitate observation
of sub-lethal effects in chronic ecotoxicological tests.

P. corethrurus has a relatively long life cycle (1 year;
Hamoui, 1991; Buch et al, 2011) and low fecundity
(17-118 cocoons individual~! and only one hatchling cocoon1;
Pineda and Hernandez, 1983; Bhattacharjee and Chaudhuri, 2002)
compared with E. andrei, that completes its life cycle in 45-51
days and produces >700 cocoonsindividual-! and on average
2-3 hatchlings cocoon~! (Dominguez et al., 2005; Reinecke and
Viljoen, 1991). These characteristics mean that mass-rearing,
although possible is more time-consuming (Pashanasi, 2007) and
will yield only with great effort the quantities necessary for routine
ecotoxicological tests. Alternatively, adults can be collected with
relative ease in the field during most of the year, as long as soil
conditions remain adequate for their activities (Lavelle et al.,
1987). However, given the parthenogenetic nature of this species
and the existence of many different clones and look-alike species
(Moreno, 2004), special attention should be taken to the identifi-
cation of the sources and their possible genetic diversity. Another
disadvantage of using field-collected worms is the uncertain age
of the adult earthworms and the unknown history of exposure
to soil contaminants, including agricultural chemicals, which can
alter toxicological responses to test chemicals, compared with
responses of unexposed cultured test species. Further research in
this topic will certainly yield many interesting results and may
turn up a good candidate P. corethrurus clone for ecotoxicological
tests, particularly acute and avoidance tests (Garcia, 2004). Finally,
a wider gamut of contaminants should also be tested to verify the
sensitivity and usefulness of P. corethrurus as an ecotoxicological
test species.

Acknowledgements

The authors thank CAPES for a scholarship to A. Buch, CNPQ for
a fellowship to G. Brown and scholarship to C. Niva, the Centro
Paranaense de Referécia em Agroecologia - CPRA and W. Mas-
chio for providing earthworms, Licio Lourengato and colleagues of
Ecology and Soil Laboratories of Embrapa Florestas and the Soils
Department of the Federal University of Parand, for their help
throughout the development of this study.

References

ABNT - Associagdo Brasileira de Normas Técnicas, 2007. Ecotoxicologia terrestre
- Ecotoxicidade aguda - Método de ensaio com minhocas. ABNT-NBR 15537,
Brasil.

Andréa, M.M,, Papini, S., Peres, T.B., Bazarin, S., Matallo, M.B., 2004. Glyphosate:
Influéncia na bioatividade do solo e agdo de minhocas sobre sua dissipa¢do em
terra agricola. Planta Daninha 22 (1), 95-100.

Andréa, M.M., 2010. O uso de minhocas como bioindicadoras de contaminag¢do de
solos. Acta Zool. Mex. (n.s.) 26 (N°. especial 2), 95-107.

ANVISA - Agéncia Nacional de Vigilancia Sanitaria, 2006. Residuos de agrotéxicos
em alimentos. Rev. Satde Publ. 40 (2), 361-363.

Avilés, S.M., Ordaz, V.,1998. Efecto de dosis bajas de herbicidas en poblaciones de
lombrices y aportaciones de materia organica en cultivos de citricos. In: 29°
Congreso Nacional de la Ciencia del Suelo. La investigacion edafolégica en Méx-
ico 1997-1998. Universidad Auténoma de Chiapas and Sociedad Mexicana de
Ciencia del Suelo, Tapachula, p. 141.

Barrion, A.T., Litsinger, J.A., 1996. Dichogaster nr. curgensis Michaelsen (Annelida:
Octochaetidae): an earthworm pest of terraced rice in the Philippine Cordilleras.
Crop Prot. 16 (1), 89-93.

Bartz, M.C.L., Brown, G.G., Pasini, A., Lima, A.C.R., Gassen, D.N., 2009. As minhocas e
o manejo do solo: o caso do plantio direto do arroz irrigado. Rev. Plantio Direto
(July/August), 4-8.

Bhattacharjee, G., Chaudhuri, P.S., 2002. Cocoon production, morphology, hatching
pattern and fecundity in seven tropical earthworm species - a laboratory-based
investigation. J. Biosci. 3, 283-294.

Brasil, Lei n° 7.802, de 11 de julho de, 1989. Dispde sobre a pesquisa, a produgdo, a
embalagem e rotulagem, o transporte, o armazenamento, a comercializacdo, a
propaganda comercial, a utiliza¢do, a importacdo, a exportagao, o destino final
dos residuos e embalagens, o registro, a classificagdo, o controle, a inspecdo e
a fiscalizagdo de agrotdxicos, seus componentes e afins, e da outras providén-
cias. Legislacdo federal de agrotdxicos e afins. Ministério da Agricultura e do
Abastecimento, Brasilia, pp. 7-13.

Buch, A.C,, Brown, G.G., Niva, C.C,, Sautter, K.D., Lourengato, L.F., 2011. Life cycle of
Pontoscolex corethrurus (Miiller, 1857) in tropical artificial soil. Pedobiologia 54S,
S19-S25.

Brown, G.G., James, S.W., Pasini, A., Nunes, D.H., Bento, N.P., Martins, P.T., Saut-
ter, K.D., 2006. Exotic, peregrine, and invasive earthworms in Brazil: Diversity,
distribution, and effects on soils and plants. Caribbean J. Sci. 42 (3), 339-358.

Casabé, N., Piola, L., Fuchs, ]., Oneto, M.L., Pamparato, L., Basack, S., Giménez, R.,
Massaro, R., Pap, ].C., Kesten, E., 2007. Ecotoxicological assessment of the effects
of glyphosate and chlorpyrifos in an Argentine soya field. ]. Soils Sediments 7,
232-239.

Castellanos, L.R., Hernandez, J.C.A., 2007. Earthworm biomarkers of pesticide con-
tamination: current status and perspectives. J. Pestic. Sci. 32, 360-371.

Dalby, P.R., Baker, G.H., Smith, S.E., 1995. Glyphosate, 2,4-DB and dimethoate: Effects
on earthworm survival and growth. Soil Biol. Biochem. 27, 1661-1662.

De Silva, P.M.C.S., Van Gestel, C.A.M., 2009a. Development of an alternative artifi-
cial soil for earthworm toxicity testing in tropical countries. Appl. Soil Ecol. 43,
170-174.

De Silva, P.M.C.S., Van Gestel, C.A.M., 2009b. Comparative sensitivity of Eisenia andrei
and Perionyx excavatus in earthworm avoidance tests using two soil types in the
tropics. Chemosphere 77, 1609-1613.

De Silva, P.M.C.S,, Pathiratne, A., Van Gestel, C.A.M., 2009. Influence of temperature
and soil type on the toxicity of three pesticides to Eisenia andrei. Chemosphere
76,1410-1415.

De Silva, P.M.C.S., Pathiratne, A., Van Gestel, C.A.M., 2010. Toxicity of chlorpyri-
fos, carbofuran, mancozeb and their formulations to the tropical earthworm
Perionyx excavatus. Appl. Soil Ecol. 44, 56-60.

Dominguez, J., Velando, A., Ferreiro, A., 2005. Are Eisenia fetida (Savigny, 1826)
and Eisenia andrei Bouché (1972) (Oligochaeta, Lumbricidae) different biological
species? Pedobiologia 49, 81-87.

Duarte, A.P., Melo, V.F., Brown, G.G., Pauletti, V., 2012. Changes in the forms of lead
and manganese in soils by passage through the gut of the tropical endogeic
earthworm (Pontoscolex corethrurus). Eur. J. Soil Biol. 53, 32-39.

Edwards, C.A., Bohlen, P.J., 1992. The effects of toxic chemicals on earthworms. Rev.
Environ. Contam. Toxicol. 125, 23-99.

Ellis, S.R., Hodson, M.E., Wege, P., 2010. The soil-dwelling earthworm Allolobophora
chlorotica modifies its burrowing behavior in response to carbendazim applica-
tions. Ecotoxicol. Environ. Saf. 73, 1424-1428.

Fent, K., 2004. Ecotoxicological effects at contaminated sites. Toxicology 205,
223-240.

Garcia, M.V.B., 2004. Effects of pesticides on soil fauna: development of ecotoxico-
logical test methods for tropical regions. Ecology and Development Series, vol.
17. Zentrum fiir Entwicklungs Forschung, University of Bonn, 281 pp.

Garcia, M.V.B., Roembke, J., Martius, C., 2004. Proposal for an artificial soil
substrate for toxicity tests in tropical regions. In: 25th Annual Meeting
of Society of Environmental Toxicology and Chemistry (SETAC), Portland
http://abstracts.co.allenpress.com/pweb/setac2004/document/?id=41943

Garcia, M., Scheffczyk, A., Garcia, T., Rombke, ], 2011. The effects of the
insecticide lambda-cyhalothrin on the earthworm Eisenia fetida under exper-
imental conditions of tropical and temperate regions. Environ. Pollut. 159,
398-400.

Gassen, D.N., 2006. A minhoca-vermelha em arroz. Cooperativa dos Agricultores de
Plantio Direto, Informativo No. 140, Cooplantio, Eldorado do Sul.

Gomez-Eyles, J.L., Sizmur, T., Collins, C.D., Hodson, M.E., 2011. Effects of biochar
and the earthworm Eisenia fetida on the bioavailability of polycyclic aro-
matic hydrocarbons and potentially toxic elements. Environ. Pollut. 159,
616-622.

Gough, N., 1986. Chemical control of the earthworm Amynthas rodericensis (Grube)
in pots in nurseries. Qld. J. Agric. Anim. Sci. 43, 29-31.


http://abstracts.co.allenpress.com/pweb/setac2004/document/?id=41943

38 A.C. Buch et al. / Applied Soil Ecology 69 (2013) 32-38

Hamilton, M.A., Russo, R.C., Thurston, R\V., 1977. Trimmed Spearman-Karber
method for estimating median lethal concentrations in toxicity bioassays. Envi-
ron. Sci. Technol. 11 (7), 714-719.

Hamoui, H., 1991. Life-cycle and growth of Pontoscolex corethrurus (Miiller, 1857)
(Oligoqueta, Glossoscolecidae) in the laboratory. Rev. Ecol. Biol. Sol. 28 (4),
469-478.

Haque, A., Ebing, W., 1983. Toxicity determination of pesticides to earthworms in
the soil substrate. Z. Pflanzenkr. Pflanzenschutz 90, 395-408.

IBAMA - Instituto Brasileiro do Meio Ambiente e Recursos Renovaveis, 1990. Manual
de testes para avaliagdo de ecotoxicidade de agentes quimicos. IBAMA, Brasilia.

ISO - International Organization for Standardization, 1993. Soil Quality - Effects
of Pollutants on Earthworms - Part 1: Determination of Acute Toxicity Using
Artificial Soil Substrate. ISO 11268-1, Geneva, Switzerland.

ISO - International Organization for Standardization, 2007. Soil Quality - Avoidance
Test for Testing the Quality of Soils and Effects of Chemicals on Behaviour - Part
1: Test with Earthworms (Eisenia fetida and Eisenia andrei).1SO 17512-1, Geneva,
Switzerland.

Kinney, C.A., Campbell, B.R., Thompson, R., Furlong, E.T., Kolpin, D.W., Burkhardt,
M.R., Zaugg, S.D., Werner, S.L., Hay, A.G., 2012. Earthworm bioassays and seedling
emergence for monitoring toxicity, aging and bioaccumulation of anthropogenic
waste indicator compounds in biosolids-amended soil. Sci. Total Environ. 433,
507-515.

Kuperman, R.G., Checkai, R.T., Garcia, M.V.B., Rombke, ]., Stephenson, G.L., Sousa,
J.P., 2009. State of the science and the way forward for the ecotoxicological
assessment of contaminated land. Pesq. Agropec. Bras. 44 (8), 811-824.

Laabs, V., Amelung, W., Pinto, A., Zech, W., 2002. Fate of pesticides in tropical soils
of Brazil under field conditions. J. Environ. Qual. 31, 256-268.

Langdon, CJ., Piearce, T.G., Black, S., Semple, K.T., 1999. Resistance to arsenic-toxicity
in a population of the earthworm Lumbricus rubellus. Soil Biol. Biochem. 31 (14),
1963-1967.

Lavelle, P., 1983. The structure of earthworm communites. In: Satchell, J.E. (Ed.),
Earthworm Ecology. Chapman and Hall, London, pp. 449-466.

Lavelle, P., Barois, 1., Cruz, 1., Fragoso, C., Hernandez, A., Pineda, A., Rangel, P., 1987.
Adaptative strategies of Pontoscolex corethrurus (Glossoscolecidae, Oligochaeta),
a peregrine geophagous earthworm of the humid tropics. Biol. Fertil. Soils 5,
188-194.

Lavelle, P., 1988. Earthworm activities and the soil system. Biol. Fertil. Soils 6,
237-251.

Ling, F W.P.LN.G.S., 2008. An Assessment of Earthworm as Bioindicator for Heavy
Metal Contamination in Pasture Land Adjacent to a Highway. MSc Dissertation.
University Putra Malaysia.

Martin, N.A., 1986. Toxicity of pesticides to Allolobophora caliginosa (Oligochaeta:
Lumbricidae). N.Z. ]. Agric. Res. 29, 699-706.

Moreno, A.G., 2004. ;Quien es Pontoscolex (Pontoscolex) corethrurus (Miiller,
1857) (Annelida, Glossoscolecidae)? In: Moreno, A.G., Borges, S. (Eds.),

Avances en taxonomia de lombrices de tierra. Editorial Complutense, Madrid,
pp. 361-391.

Nunes, M.E.T., 2010. Avaliacdo dos efeitos de agrotéxicos sobre a fauna edafica por
meio de ensaios ecotoxicolégicos com Eisenia andrei (Annelida, Oligochaeta) e
com comunidade natural de solo. PhD Dissertation. Universidade de Sdo Paulo,
Sdo Carlos, 175 pp.

OECD - Organization for Economic Cooperation and Development, 1984. Guideline
for the Testing of Chemicals No. 207. Earthworm Acute Toxicity Tests. OECD,
Paris, France.

Panda, S., Sahu, S.K., 2004. Recovery of acetylcholine esterase activity of Drawida
willsi (Oligochaeta) following application of three pesticides to soil. Chemo-
sphere 55, 283-290.

Pashanasi, B., 2007. Producciéon masiva de lombrices de tierra (Pontoscolex corethru-
rus) en la Amazonia Peruana. In: Brown, G.G., Fragoso, C. (Eds.), Minhocas na
América Latina: biodiversidade e ecologia. Embrapa Soja, Londrina, pp. 519-523.

Pineda, A., Hernandez, J.A., 1983. Efecto de la temperatura sobre el crecimiento,
consumo de tierra y fecundidad de la lombriz de tierra Pontoscolex corethrurus
Miiller, 1857 (Oligoqueto Glossoscolecidae). Undergraduate Thesis. Universidad
Nacional Auténoma de México, Los Reyes Iztacala, Mexico.

Rebelo, R.M., Vasconcelos, R.A., Buys, B.D.M.C., Rezende, ].A., Moraes, K.0.C., Oliveira,
R.P.,2010. Produtos agrotéxicos e afins comercializados em 2009 no Brasil: uma
abordagem ambiental. IBAMA, Brasilia.

Reinecke, AJ]., Viljoen, S., 1991. A comparison of the biology of Eisenia fetida and
Eisenia andrei (Oligochaeta). Biol. Fertil. Soils 11, 295-300.

Roberts, B.L., Dorough, H.W., 1984. Relative toxicities of chemicals to the earthworm
Eisenia fetida. Environ. Toxicol. Chem. 3, 67-78.

Rombke, J., Schmidt, P., Hofer, H., 2009. The earthworm fauna of regenerating forests
and anthropogenic habitats in the coastal region of Parana. Pesq. Agropec. Bras.
44 (8), 1040-1049.

Sileo, L., Gilman, A., 1975. Carbofuran-induced muscle necrosis in the earthworm. J.
Invert. Pathol. 25, 145-148.

Springett, J.A., Gray, R.AJ., 1992. Effects of repeated low doses of biocides on the
earthworm Aporrectodea caliginosa in laboratory culture. Soil Biol. Biochem. 24,
1739-1744.

Tripathi, G., Kachhwaha, N., Dabi, 1., 2010. Comparative studies on carbofuran-
induced changes in some cytoplasmic and mitochondrial enzymes and proteins
of epigeic, anecic and endogeic earthworms. Pestic. Biochem. Physiol. 96, 30-35.

Udovic, M., Lestan, D., 2010. Eisenia fetida avoidance behaviour as a tool for assessing
the efficiency of remediation of Pb, Zn and Cd polluted soil. Environ. Pollut. 158,
2766-2772.

Wang, Y., Wu, S., Chen, L., Wuy, C, Yu, R,, Wang, Q., Zhao, X., 2012. Toxicity assess-
ment of 45 pesticides to the epigeic earthworm Eisenia fetida. Chemosphere 88,
484-491.

Yasmin, S., D’Souza, D., 2007. Effect of pesticides on the reproductive output of
Eisenia fetida. Bull. Environ. Contam. Toxicol. 79, 529-532.



	Toxicity of three pesticides commonly used in Brazil to Pontoscolex corethrurus (Müller, 1857) and Eisenia andrei (Bouché,...
	1 Introduction
	2 Materials and methods
	2.1 Test substrate
	2.2 Test species
	2.3 Pesticides and their concentrations
	2.4 Ecotoxicological tests
	2.4.1 Avoidance test
	2.4.2 Acute test

	2.5 Data analysis

	3 Results
	3.1 Avoidance test
	3.2 Acute test

	4 Discussion
	Acknowledgements
	References


