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Abstract

Soy is a product of agriculture that has a diversified use as food or raw material for derivatives
such as oil and bran. There are studies evaluating the effect of residual vegetable oil on soil and
other natural resources. However, environmental impact studies of refined soybean oil were not
found in the literature. Thus, due to the large production volume of refined soybean oil, this work
aims to investigate the response of earthworm escape, simulating the inadequate disposal of this
residue in sandy and clayey soil. A completely randomized design with seven treatments
consisting of doses of refined soybean oil added to the sandy and clayey soils was used: T1 - 1.0
mL; T2 - 10.0 mL; T3 - 15.0 mL; T4 - 20.0 mL; T5 - 25.0 mL; T6 - 30.0 mL and T7 - 100.0 mL in
triplicate. The results show that for 15 mL and 20 mL doses, the refined soybean oil promoted a
deleterious effect on the sandy and loamy soils, respectively, causing at least 60% of the
earthworms to escape.
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1. Introduction

Soy is a product of agriculture that has diversified use, as well as food or raw material for
derivatives such as oil and bran. Besides the grain is used in the production of, for example,
chocolate, ready-made spices, sauces and pasta. Its use includes human and animal feeding,
where soybean meal is used in feed composition (SANTOS et al., 2009). In addition to industrial,
cosmetic, pharmaceutical, veterinary, paints and plastics, it also provides the destination for
biodiesel production (APROSOJA, 2017).

The oil extracted from the grain represents 15% of the soybean production in grains, and is
destined for production of cooking oil, margarine, vegetable fat, mayonnaise and others. The
world production of vegetable oils grew around 400% between 1974 and 2007, rising from 25.7
million to 123.1 million tons. Soybean oil world production rose from 6,476 thousand tons to
35,868 thousand tons, an increase of approximately 82%. In the 2006/07 harvest, world
consumption of soybean oil reached 35,641 thousand tons, with food use (35,153 thousand tons)
being the largest production target, followed by industry use (2,488 thousand tons). In Brazil,
soybean oil is the most consumed, reaching 3.2 million tons in 2006/07 or 86% of the total
consumed of vegetable oils (3.72 million tons) (NUNES, 2007).

In general, soybean oil is only marked when complying with the following physicochemical
characteristics: specific weight (25 °C): 0.916-0.922 g.cm?; lodine index: 120-141 gl2,100g";
saponification index: 180-200 mg KOH.g; unsaponifiable matter: <1.0%; acidity: <0.3% oleic acid
and peroxide index: <10.0 meq kg (ANVISA, 1999).

There are studies evaluating the effect of residual oils, vegetables, oil, amongst others on soil
and other natural resources (GONG et al. 2005a; 2005b; THODE-FILHO et al., 2017). However,
environmental impact studies of pre-consumer refined soybean oil were not found in the
literature since inadequate disposal in the environment may occur in its production, transport
and/or storage.

The soil is a source of water and nutrients for plants and other organisms, also a buffering
agent for changes in temperature and water flow between the atmosphere and groundwater.
Likewise, it acts as a reservoir of nutrients and as habitat for organisms decomposers in cycling
and availability of nutrients. Hence, pollution of the edaphic ecosystem can have important
consequences for all life forms and the quality of food, water and atmosphere (WILD, 1993). This
assertion corroborates the importance of conducting bioassays to ensure that contamination is
known to compromise soil function.

Toxicity tests that aim to predict the potential impact of a xenobiotic (toxic agent) on
environment (FLOHR et al., 2005) should be performed to analyze the toxic effects for a substance
or mixed substances improperly discarded. For such, test organisms are used. They experience
adverse effects when in contact with toxic substances. Amongst the adverse effects, one can
include a range of from genetic alterations and immobility, up to deformities and mortality
(MAGALHAES; FERRAO FILHO, 2008).

Earthworms are one of the organisms used in ecotoxicity testing, where the red-of-California
or manure worm (Eisenia fetida) is the most common. This preference is due to its ability to convert
organic waste little chemically broken into stabilized material. In addition, they have extensive
playback capabilities and rapid growth. In this sense, these worms are an important link in
terrestrial trophic web, providing resources for a wide variety of organisms, including birds,

mammals, reptiles and amphibians. They represent a good alternative to achievement of
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ecotoxicological tests because they are simple to handle, easy to find as well as good indicators
for the soil quality (ANDREA, 2010; CORREIA; MOREIRA, 2010; DITTBRENNER et al.,
2011).

The contaminants in the soil can be adsorbed on the mineral particles, organic matter and soil
solution and, therefore, the earthworms are exposed to the compounds through the ingestion of
the soil (SPADOTTO et al., 2004; CORREIA; MOREIRA, 2010).

Thus, due to the large volume of production of refined soybean oil, this work aimed to
investigate the earthworm evasion response, simulating the inadequate disposition of this

residue in sandy and loamy soils.

2 Material and methods
2.1 Materials

The implantation and conduction of the tests took place in the Multidisciplinary Laboratory
of Agro-Environmental Technology (LAMTAA) of Pinheiral Campus of the Federal Institute of
Rio de Janeiro, located in the municipality of Pinheiral-R], geographical coordinates 22°31'12.57"S
and 43°59'30.61"W.

We used one sample of tropical soil with sandy and loamy texture, collected between 0 and
20 cm depth (Table 1) in Pinheiral, RJ. Soils used in the tests were physico-chemically
characterized according to the method recommended by the Brazilian Agricultural Research
Company - EMBRAPA (1997) (Table 1).

2.2 Methods

2.2.1 Earthworm escape test

The avoidance test (ABNT NBR 17512-1, 2011) was performed for both types of soil using
transparent plastic boxes (28.8 cm x 10.8 cm x 4.2 cm) with an approximate capacity of 500 g dry
weight. The boxes were assembled with a strip of cardboard, placed transversally in the middle
of the carton. Later, one half of the halves were filled with 250 g of control soil, without addition
of soybean oil, and the other half filled with 250 g of soybean oil on soil.

Subsequently, the partition of the boxes was removed and added in the central position. Ten
adult earthworms (Eisenia fetida sp) for each box were exposed at the same time to a control soil
and to a soil containing the test substances. Test and control soil were placed in each test box as
well as the earthworms that were presented to choose between the test soil and the control soil.
The boxes should be closed and arranged in Type BOD germination chamber, with controlled
temperature of 20 + 5 °C and photoperiod of 12 hours. The animals were not fed during the tests.
After 48 hours, the percentage of earthworms present in each soil was evaluated.

For this test, a completely randomized design was used. Seven treatments consisted of doses
of soybean oil which were added to the soils, namely: T1 - 1.0 ml; T2 - 10.0 ml; T3 - 15.0 ml; T4 -
20.0 ml; T5 - 25.0 ml; T6 - 30.0 ml and T7 - 100.0 ml. Each treatment was performed in triplicate.

The tests response for the two soil types containing soybean oil was calculated in terms of
avoidance percentage per concentration. The avoidance percentage was calculated based on the

following formula: A = [(C - T) / N] x 100, where C is the number of animals found in the control
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soil, T is the number of animals found on the test soil, and N the total number of animals used
per treatment (for each concentration tested). A positive and indicative avoidance result is a
negative attraction by the concentration of the active ingredient tested. According to the norm,
0% of escape indicates animal attraction to the chemical substance evaluated. On the other hand,

a soil is considered toxic when more than 80% of exposed organisms prefer the control soil
(leakage> 60%) (ABNT, 2011).

2.2 Statistical analysis

We chose the Turkey test to analyze the statistical significance for dosages between the
triplicates. The same test was used for significant differences between the triplicates results
(COSTA NETO, 1977; MILLER; MILLER, 1993). All calculations and graphs presented in this
work were performed by Assistat 7.7 (SILVA; AZEVEDO, 2016) and Microsoft Excel 2013.

3. Results and discussion

According to the results of Table 1, it is possible to identify that there is a physicochemical
difference between the studied soils. The sandy soil presented a bases sum (S = Ca2" + Mg?* + K* +
Na*=6.52), as well as a high content of organic matter (C. org. =0.9). In relation to bases saturation
percentage, this soil presented an excellent fertility condition and does not contain aluminum
toxicity (Al*). The pH value found in the clay soil is considered acid which, along with the
presence of Al**, compromises the availability of other nutrients. It is also observed that the
organic carbon content present in the sandy soil is three times lower than the loamy, representing

an organic matter content of 1.6% and 0.52%, respectively.

Table 1: Physical-chemical characterization of soils

Ca¥ Mg K Nat S AP H+AP® T P V  C.org.
cmol, dm? mg dm? %

Type-: of pH H,0
soil

Sandy 7.5 58 064 005 003 652 00 120 7.67 320.80 85.00 0.90

Loamy 5.2 .57 039 001 003 200 03 1.98 398 3.00 5000 030
pH — Hidrogenionic potential; S - sum of bases (S =Ca + Mg + Na + K+ Al); M ++ Al3 + - potential acidity; T - Value T
(T=S+ M+ Al)); % V - base saturation (V (%) = (SB x 100) / T); C = organic carbon.

The community of earthworms present in a given location is dependent on soil characteristics
(soil type, mineralogy, organic matter content, texture, structure, temperature, humidity and pH
value), vegetation (species and cover) (precipitation, temperature, relative air humidity, wind),
interaction with other soil organisms, as well as soil and local conditions (human and geological
history) (BROWN; DOMINGUEZ, 2010).

Earthworms are considered excellent indicators of the quality of agroecosystems because they
respond to different types of land use and management (Paoletti, 1999; Lavelle et al., 2006), being
related to environmental conditions such as soil fertility and susceptibility to disturbance and
habitat contamination (BROWN; DOMINGUEZ, 2010).

According to Technical Standard NBR 10.004 Solid waste - Classification (ABNT, 2004), the
soy vegetable oil is classified as: Class II A, Not Hazardous — Not Inert.

In sandy soil, there is no leakage of earthworms, that is, avoidance of more than 60% in doses
of soybean oil of less than 15 mL / 250 g, but above this dosage the soil has become toxic to
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earthworms (Graph 1). A quadratic relation was observed between the soy vegetable oil dosage

and the avoidance.
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Graphic 1 - Eisenia fetida avoidance response contaminated with different soy vegetable oil dosages in sandy soil. Mean

values and standard deviation bars, Tukey test, p <0.05; n.s. =not significant.

In loamy soil, tolerance of earthworms was slightly higher. Dosages below 20 mL /250 g did

not cause leakage in more than 60% of the earthworms (Graph 2). A quadratic relationship

between the dosage of soybean oil and the leakage in both soils was observed.
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Graphic 2 - Eisenia fetida avoidance response contaminated with different soy vegetable oil dosages in loamy soil.

Mean values and standard deviation bars, Tukey test, p <0.05; n.s. = not significant.

The species used in this study are classified as epigeic (grouped by environment preference)
and live in upper layers of the soil (0-10 cm) rich in organic matter (VAN GESTEL, 1992;
SANTORUFO et al., 2012). However, the worm's skin is covered by a thin cuticle and produces
enough mucus that facilitates the locomotion and protection of the skin. The mucus still protects
the skin in contact with pollutants or toxic substances. The worm propels its previous segments,
causing a wave that shifts back of its body. Concomitant to this, in the anterior region, the circular
musculature contracts and the longitudinal muscles relax, causing their rings to become thinner
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and elongated and their bristles retained. In this way, the earthworm establishes a foothold in the
ground and propels itself forward. Soils that have high humidity facilitate their displacement.
The loamy soils accumulate more water in their particles, reason why the friction with their
bodies is smaller, while guaranteeing gas exchange in respiration (BROWN et al., 2004; JAMES;
BROWN, 2006).

Although the loamy soil used in the present study has low organic matter content, it is inferred
that the earthworm tolerance in this soil was higher due to a greater locomotion capacity and soil
mass exploration.

From the displacement and the ingestion of contaminated soil, the contact of the earthworms
occurs with the pollutants that are disposed or applied to the soil and remainin it, either adsorbed
on the surface of the colloids or available in the soil solution (VIJVER et al., 2003; CASTELLANOS;
HERNANDEZ, 2007). Considering this acute worm-pollutant contact, they may compromise
their displacement and they may escape, intoxicate, die, incorporate and even bioaccumulate
these in their tissues (CURRY, 2004; SPADOTTO et al., 2004).

Wang et al. (2010) conducted an earthworm avoidance test with petroleum sludge and found
that the limiting dose was 4.25 g / 250 g soil.

Thode-Filho et al. (2017) evaluated the earthworm leakage response after application of
residual vegetable oil in sandy soil was 20 mL / 250 g and for the clay soil 26 mL / 250 g,
corroborating with the results of the present study with pre-consumption refined vegetable oil.

4. Conclusion

The results show that, for 15 mL and 20 mL doses, the refined soybean oil promoted a
deleterious effect on the sandy and clayey soils, respectively, causing at least 60% of the
earthworms to escape.

From these results, it is recommended that new bioassays with different organisms are made

to reaffirm the deleterious potential of soybean oil on the environment.
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