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Abstract

The research evaluated the impact of three pesticides on Eisenia fetida in the cultivation of Allium cepa (onion) in the
district of Lurín, Lima, Peru. The mean lethal dose values (LD50) at 14 days, evasion percentage and food activity were
evaluated as well as the exposure ratio of the toxic (TER) and the environmental risk coefficient (RQ) on pesticides
zeta-cypermethrin, pendimethalin and profenofos based on ecotoxicological tests with E. fetida. The LD50 values at
an exposure time at 14 d for the three pesticides were: zeta-cypermethrin>profenofos>pendimethalin. A relationship
with the dose of pesticides close to the LD50 was calculated for the evasion and for food activity. TER value for the
three pesticides was calculated which indicated no ecotoxicological impact for E. fetida. However, in the CR value,
there were high risk values in the total, where zeta-cypermethrin indicated 92.77% of the environmental risk, while
pendimethalin presented the lowest environmental risk with 0.09%. Within Peruvian legislation, these pesticides are
still allowed to be used; hence, based on this research, it is suggested that zeta-cypermethrin be evaluated in more
detail, because it was the only pesticide that presented a significant CR. In conclusion, zeta-cypermethrin causes an
environmental impact on the onion crop in Lurin.
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Ecotoxicological impact of three pesticides on Eisenia fetida (californian red worm) on Allium
cepa (onion) crop in the district of Lurín, Lima, Peru

Resumen

La investigación evaluó el impacto de tres plaguicidas sobre Eisenia fetida en el cultivo de Allium cepa (cebolla) en el
distrito de Lurín, Lima, Perú. Se calcularon los valores de dosis letal media (DL50) a los 14 días, porcentaje de evasión y
actividad alimentaria, y posteriormente la proporción de exposición del tóxico (TER) y el coeficiente de riesgo ambien-
tal (CR) para los plaguicidas zeta-cipermetrina, pendimetalina y profenofos en base a ensayos ecotoxicológicos con E.
fetida. Los valores de DL50 a un tiempo de exposición a los 14 días para los tres plaguicidas fueron: zeta-cipermetrina
>profenofos >pendimetalina. Se calculó una relación con la dosis de los plaguicidas cercanos a la DL50 para la evasión
y para la actividad alimentaria. El valor TER para los tres plaguicidas fue calculado e indicó que no hay impacto
ecotoxicológico para E. fetida. Sin embargo, en el valor de CR se presentaron valores de riesgo alto en el total, donde
la zeta-cipermetrina indicó el 92,77% del riesgo ambiental, mientras que la pendimetalina presentó el menor riesgo
ambiental con 0,09%. Dentro de la legislación peruana, estos plaguicidas siguen siendo permitidos, por lo cual, en
base a esta investigación, se recomienda que se evalúe a más detalle la zeta-cipermetrina, debido a que fue el único
plaguicida que presentó un CR significativo. En conclusión, la zeta-cipermetrina ocasiona impacto ambiental en el
cultivo de cebolla del distrito de Lurín.
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1 Introduction

There is interest in controlling insects and other di-
sease vectors, as happens with the threat to food
and other agricultural products (Ferrer, 2003). FAO
(2003) states that “pesticides are any element or
combination intended to prevent, suppress or ma-
nage any pest, including vectors that affect humans
or animals”. In Peru, until 2017, 428 active ingre-
dients were reported to the National Agricultural
Health Service (SENASA) (Cruz, 2017). The Law
N◦ 0020-2013-AG-SENASA-DIAIA, presents a list
of pesticides registered, canceled and prohibited in
the country, including those studied in this work.

The pyrethroid group has been used since
the 70s for agricultural activities, including zeta-
cypermethrin, and are used for agricultural activi-
ties (Lao et al., 2012). Pendimethalin is an herbi-
cide from the dinitroanilines family used in pre-
planting, pre-emergence of grass and early post-
emergence for crops (Ponz, 2010). Profenofos is a
pesticide belonging to the group of phosphorus that
operates with the contact (Reddy and Rao, 2008).
The species Eisenia fetida (known as California red
worms) is one of the organisms that plays a benefi-
cial role to the soil. Giménez et al. (2004) highlight
the importance of E. fetida in the integration and
putrefaction of organic matter, the recycling of nu-
trients and soil conservation, being beneficial indi-
cators for assessing soil pollution (Wen et al., 2020).

The district of Lurín, Lima, Peru, has very fertile
soils that provide food to the markets of Metropoli-
tan Lima. Moreno and Huerse (2010), mention that
onion, from the point of view of its gross econo-
mic value contributed to the basin, is an important
crop and it must be considered when conducting
a phytosanitary evaluation. To determine the im-
pact of the three pesticides, it is important to link
E. fetida responses, using relevant toxicity para-
meters such as biological and behavioral activity.
The bioassays employ laboratory-acclimatized, gui-
dance organisms, and these include an initial view
for pesticide impact assessment (Piola, 2011; Tian
et al., 2018; Sotelo-Vásquez and Iannacone, 2019;
Aparecida-Giordani et al., 2020).

For this reason, the aim of this research is to eva-
luate the impact of the three most commonly used
pesticides on A. cepa culture, and ecotoxicological

tests were conducted to find DL50 (mean lethal do-
se), CR (risk coefficient) and TER (individual toxic
exposure) used in E. fetida.

2 Materials and methods

2.1 Eisenia fetida

Adult earthworms (E. fetida) were obtained from the
National Agrarian University La Molina (UNALM)
and transferred to the Laboratory of Animal Eco-
logy and Biodiversity (LEBA) of the National Uni-
versity Federico Villarreal (UNFV), Lima, Peru. The
adaptation was carried out in a 15 L container at 19
± 2◦C and a period of 16 h of light and 8 h of dark-
ness. For the worm tests, a weight range of 200-600
mg was considered (Organization for Economic Co-
operation and Development, 1984).

2.2 Artificial Soil
Artificial soil was prepared according to Organiza-
tion for Economic Co-operation and Development
(2004) standard with some modifications described
in Romero and Cantú (2008). The components of ar-
tificial soil were: 70% fine sand, 20% clay and 10%
moss. Prior to the beginning of the tests, the mois-
ture content was adjusted to 50% using the Avalos-
Ruiz and Iannacone (2020) method.

2.3 Pesticides
Pesticides used were zeta-cypermethrin from Furia
brand with a formulation of 180 g ·L−1 with concen-
trations of 30 mg ·kg−1, 60 mg ·kg−1, 120 mg ·kg−1, 240
mg · kg−1 and 480 mg · kg−1; profenofos from the Se-
lecrom brand with a formulation of 500 g ·L−1 with
concentrations of 625 mg ·kg−1, 1 250 mg ·kg−1, 2 500
mg · kg−1, 5 000 mg · kg−1 and 10 000 mg · kg−1; and
pendimethalin from the Arrow brand with a for-
mulation of 400 g ·L−1 with concentrations of 2 666,
67 mg · kg−1, 5 333.33 mg · kg−1,10 667.67 mg · kg−1, 21
333.33 mg · kg−1 and 42 667.67 mg · kg−1.

2.4 Ecotoxicity tests
2.4.1 Mortality and other parameters

All tests were performed with four replications and
adjusted to 50% of humidity for the tests. To valida-
te the test, it was considered as a principle that the
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control mortality does not exceed 10%. The protocol
of Avalos-Ruiz and Iannacone (2020) was used for
this test, which consisted of measuring physical and
chemical indicators such as temperature, humidity,
pH and organic matter, as well as mortality for the
determination of DL50 at 14 days of exposure, and
average weights at the beginning and end of the test
at 14 days (Hulbert et al., 2020; Avalos-Ruiz and Ian-
nacone, 2020). All worms that were not found at the
moment were recorded as dead; it was decided to
measure their progeny (eggs and young offspring)
present in artificial soil, but none of them was evi-
dent in the treatments of the three pesticides.

2.4.2 Evasion

This test used the protocol of García-Santos and
Keller-Forrer (2011). Transparent, disposable rec-
tangular 1000 mL flexo-lid containers were used
where the treated floor was placed on one side and
the control was placed on the other. Later, adult
worms were placed on the dividing line of both
soils and allowed to penetrate them (McGuirk et al.,
2020). After three days, the partitions were reinser-
ted and the number of worms on each side was
counted. Zeta-cypermethrin doses of a formulation
of 180 g ·L−1 were 15 mg · kg−1 and 30 mg · kg−1, for
profenofos of a formulation of 50 g ·L−1 were 312.5
mg · kg−1 and 625 mg · kg−1, and pendimethalin of
a formulation of 400 g · L−1 with doses of 1 333.33
mg ·kg−1 and 2 666.67 mg ·kg−1. The Equation 1 from
De Silva and Van Gestel (2009) was used to deter-
mine evasion.

NR(E) =
C−T

N
×100 (1)

NR represents evasion (percentage), C represents
total E. fetida in the control soil, T represents total E.
fetida in the impacted soil, and N represents total E.
fetida at the beginning of the test (Alves et al., 2013).

2.4.3 Food Activity (AA)

Acrylic sheets of 100 mm long, 10 mm wide and 0.1
cm thick were used to evaluate food activity. The-
se sheets had 16 holes of 0.1 cm of diameter and
were filled with a bait substance using a combi-
nation consisting of cellulose carbohydrate (69%),
wheat bran (30%) and active carbon (1%) (Van Ges-
tel and Weeks, 2004). The trial was performed for
three days, then leaves were removed, and the num-
ber of holes without bait in the leaves of each treat-

ment were counted. AA was determined on the
basis of the average proportion of holes that we-
re completely or partially empty per concentration
(Piola, 2011).

2.5 Statistical Data Management

DL50s, DL50s-inferior and DL50s-superior were deter-
mined with Excel-Probit-2016 calculator (Raj Meka-
pogu, 2016). SPSS 25.0 statistical program was used
to define the homocesticity of the variances, the nor-
mality of the data and the type of tests, like ANOVA
or non-parametric tests, depending on the case, at a
significance level of 0.05. A Chi-square test (χ2). was
performed for the evasion and food activity tests.

2.6 Environmental Impact Assessment
(EIA)

To determine environmental impact assessment
(EIA), parameters were identified to find potential
threats to E. fetida and the agroecosystem. Two ap-
proaches to environmental impact assessment were
used; the first was based on a calculation of TER for
E. fetida, while the second CR for each local sample
(Pivato et al., 2017; Wee and Aris, 2017; Avalos-Ruiz
and Iannacone, 2020).

2.6.1 Exhibition

The data collected from the literature was analyzed.
The controlled environmental dose (MECs) of pes-
ticide residue in agricultural soil was used to repre-
sent the PECs (projected environmental dose in soil)
(Vašíčková et al., 2019).

2.6.2 Impact

Environmental impact was evaluated using data
found from DL50 and PNEC (dose without ecolo-
gical effect). The PNEC value was found using a
factor of 1 000 for short-term assays. For pesticides
with a Kow greater than 2, the value of its DL50 was
divided by 2 as proposed in (European Commis-
sion, 2019) based on the Equation 2.

PNEC =
DL50

1000
(2)
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2.6.3 Risk

The environmental risk for each of the three pestici-
des was initially found using the criteria based on
TER values. According to the European Commis-
sion mentioned by Hartnik et al. (2008), if the value
of acute TER is less than 10, no authorization should
be given for the use of pesticides. The acute TER va-
lue was found with the Equation 3.

T ERspecies =
DL50/PNECspecies

MECmax or mean
(3)

The CR was classified using the equation 4 in-
to four levels: 1. Zero risk (CR < 0,01), 2. Low risk
(0,01 ≥ 0,1) 3. Medium risk (0,1 ≤CR < 1) and high
risk (CR ≥ 1) Sánchez-Bayo et al. (2002). The sum of
the CR of the three pesticides allowed to determine
the total environmental risk from the application of
zeta-cypermethrin, profenofos and pendimethalin;
finally, the contribution of each of the three pestici-
des was quantified.

CR =
MECsoil

PNECmss
(4)

3 Results

The acute toxicity of zeta-cypermethrin on E. fetida
was known at 14 days of exposure (Table 1). The
DL50 at 14 d of exposure was 48.26 mg · kg−1. Re-
garding the average of weights, a marked decrease
was observed when the dose was increased. Acute
toxicity of profenofos on E. fetida was established at
14 days of exposure (Table 2). DL50 at 14 d of expo-
sure was 1250 mg · kg−1. Regarding the average of
weights, a significant decrease was observed.

Acute toxicity of pendimethalin on E. fetida was
found at 14 d of exposure (Table 3). The DL50 at 14
d of exposure was 3 771.23 mg · kg−1. Regarding the
average of weights, a significant decrease was ob-
served. Table 4 shows the evasion percentage of the
three pesticides at 60%, 40% and 80% in the doses
of 30 mg · kg−1, 625 mg · kg−1 and 2 666.67 mg · kg−1,
respectively. The Chi-square analysis (χ2) indica-
tes that a connection was found between evasion
and the presence of the pesticide for both doses of
zeta-cypermethrin, profenofos and pendimethalin,
excepting the dose 312.5 mg ·kg−1 of profenofos and
1 333.33 mg of pendimethalin.

The data found in this test (Table 5) show that
the percentage of pesticide food activity at 3 d of
exposure has values of 33.33%; 29.12% and 32.66%
in dose concentrations of 30 mg · kg−1, 625 mg · kg−1

and 2 666.67 mg · kg−1, respectively. The Chi-square
analysis (χ2) indicates that there is a connection bet-
ween food activity and the presence of the pes-
ticide for zeta-cypermethrin, profenofos and pen-
dimethalin at the doses already mentioned. TER
values (Table 6) were obtained, which were 482.6,
12 500 and 377 123 mg · kg−1. On the other hand,
CRs of each pesticide were 1.04, 0.08 and 0.001. It
is shown that CR t is higher than 1, representing
a high environmental impact. The contribution of
zeta-cypermethrin was 92.77%, followed by profe-
nofos with 7.14% and pendimethalin with 0.09%.

4 Discussion

4.1 Acute Ecotoxicity and Other Important
Parameters

E. fetida study showed effects on mortality and
weight reduction for zeta-cypermethrin (DL50 =
48.26 mg · kg−1). Similar results were found in the
Czech Pesticide Database (PPDB, 2019) showing
a DL50 value of 37.50 mg · kg−1. Junquera (2011)
mentions that cypermethrin is also known as zeta-
cypermethrin. It allows to be contrasted with other
studies such as Hartnik et al. (2008) who obtained
an alpha-cypermethrin value of 762 mg · kg−1. Zhou
et al. (2008, 2011) showed values of 84.14 mg · kg−1

and 86.04 mg · kg−1, respectively.

Organic matter (OM) has the characteristic of
accumulating zeta-cypermethrin, and earthworms
make it more available through its cuticle or during
feeding (Styrishave et al., 2010). Based on this, the
amount of organic matter in the study substrate was
initially found at 5.42%, so there is not much ab-
sorption of the contaminant. This fact also occurs in
the study of Hartnik et al. (2008), since its soil pre-
sented 2.2% of organic matter where the compound
was available in its mineral particles and/or water;
therefore, there is a higher risk of the pesticide to
be present in worms. Pesticides can be retained by
organic matter of the soil and may be degraded by
organisms found in the organic matter, which will
depend not only on the properties of pesticides, but
also on the nature and concentration of pesticides in
the organic matter (Araneda et al., 2016).
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Table 1. Mortality and average weights of Eisenia fetida exposed to zeta-cypermethrin at 14 d of exposure.

Eisenia fetida

Doses (mg·kg−1)

Acute ecotoxicological Average Weights
effect of zeta-cypermethrin (g)

(% M) 0 d ± DE) 14 d (± DE)14 d (± DE)
Control 0.00 (± 0.00)a 2.89 (± 0.06)a 3.18 (± 0.05)a
30 20.00 (± 0.71)b 2.55 (± 0.07)b 1.72 (± 0.15)b
60 65.00 (± 1.25)c 2.42 (± 0.06)b 1.10 (± 0.17)c
120 100.00 (± 0.00)d 2.51 (± 0.07)b 0.00 (± 0.00)d
240 100.00 (± 0.00)d 2.40 (± 0.04)b 0.00 (± 0.00)d
480 100.00 (± 0.00)d 2.31 (± 0.04)b 0.00 (± 0.00)d
DL50 48.26 N.C N.C
DL50-low 35.70 N.C N.C
DL50-upper 65.24 N.C N.C
PNEC 0.04826 N.C N.C
KW 22.78 14.6 22.34
Sig 0.00 0.01 0.00
Levene test 6.4 0.41 8.07
Sig 0.00 0.84 0.00
SW 0.76 0.94 0.79
Sig 0.00 0.14 0.00

% M:% mortality. DE: Standard Deviation. NC: Not applicable. DL50: Mean lethal dose.
DL50-Low: DL50 (Low Limit). DL50-Upper: DL50 (Upper Limit).
PNEC: Dose without ecological effect. KW: Kruskall–Wallis statistician. Levene test:
Statistical to evaluate homocesticity of variances.
SW: Shapiro–Wilks Statistician: Test to evaluate normality.
Equal lowercase letters in the same column indicate that mortality (%) is statistically
similar according to Tukey’s multiple comparison test.

Other variables that determine the presence of
zeta-cypermethrin are water solubility and octa-
nol/water distribution coefficient (Kow). Both va-
riables correlate significantly with the mobility of
insecticides in the soil (Somasundaram et al., 1991).
Zeta-cypermethrin has a Kow log of 5.5, which in-
dicates that it is relatively lipophilic, and therefore
its infiltration potential is low in agricultural soils
due to its low solubility in water and adsorption
to the soil (Sakata et al., 1986). This was evidenced
in the work of Hulbert et al. (2020), where a higher
number of alive E. fetida was found on the surface
compared to a greater depth.

According to Wang et al. (2012), the reduced
toxicity of alpha-cypermethrin is due to its accele-
rated metabolic process, because it can be metabo-
lized prior to reaching the central nervous system.
There was clear evasion so that this dose increases
as in the food activity. This behavior is observed
by the presence of chemoreceptors of E. fetida on
its body surface (Zhou et al., 2007). On the other
hand, profenofos obtained a DL50 mortality of 1 250
mg ·kg−1 and weight reduction 14 days after the test.
Other investigations such as Bart et al. (2018) sho-

wed values such as 127 mg · kg−1. Harnpicharnchai
et al. (2013) reports that the average value of profe-
nofos in soil is 0.041 mg · kg−1 in summer, while it is
0.016 mg · kg−1 in winter.

Regarding soil evasion with profenofos, it was
observed that there was only a relation with the do-
se of 625 mg · kg−1. Chakra and Rao (2008) mention
that it may be because earthworms are affected by
pesticides through skin contact or through conta-
minated soil residues. Mainly because these toxins
pass through the skin and reach the celomic fluid to
be transported by the body.

Organic matter is essential for the feeding of
worms. In the study conducted by Gómez et al.
(1999), the influence of profenofos was investiga-
ted in Azospirillum brasilense cells, and they found
that it significantly reduced nitrogen fixation in the
soil, which may be related to the amount of orga-
nic matter available and which may affect food acti-
vity as observed at 625 mg ·kg−1, where food activity
was dose-related. A decrease in weight was obser-
ved with pendimethalin with respect to the increa-
se in pesticide concentrations and a DL50 of 3 771.23
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mg ·kg−1. In the same database (PPDB, 2019) a value
of DL50 > 1000 mg · kg−1 was found. In the study by
Mosqueda et al. (2019) it is mentioned that the per-
mitted range of worms is 3 545.96 mg · kg−1 for the

pesticide Prowl H2O, being close to the value obtai-
ned in this study as well as the one of Traoré et al.
(2018) with a value of 3 555.96 mg · kg−1.

Table 2. Mortality and average weights of Eisenia fetida exposed to profenofos at 14 d exposure.

Eisenia fetida

Doses (mg·kg−1)

Acute ecotoxicological Average Weights
effect of profenophos (g)

(% M) 0 d ± DE) 14 d (± DE)14 d (± DE)
Control 0.00 (± 0.00)a 2.89 (± 0.06)a 3.18 (± 0.05)a
625 25.00 (± 1.56)b 2.22 (± 0.09)b 1.61 (± 0.39)ab
1250 50.00 (± 1.83)c 2.23 (± 0.04)b 1.17 (± 0.47)b
2500 100.00 (± 0.00)d 2.19 (± 0.08)b 0.00 (± 0.00)c
5000 100.00 (± 0.00)d 2.27 (± 0.08)b 0.00 (± 0.00)c
10000 100.00 (± 0.00)d 2.13 (± 0.05)b 0.00 (± 0.00)c
DL50 1250 N.C N.C
DL50-low 810.30 N.C N.C
DL50-upper 1928.30 N.C N.C
PNEC 0.8103 N.C N.C
KW 21.94 11.39 22.03
Sig 0.00 0.04 0.00
Levene test 10.69 0.54 6.65
Sig 0.00 0.75 0.00
SW 0.73 0.84 0.76
Sig 0.00 0.14 0.00

% M:% mortality. DE: Standard Deviation. NC: Not applicable. DL50: Mean lethal
dose. DL50-Low: DL50 (Low Limit). DL50-Upper: DL50 (Upper Limit).
PNEC: Dose without ecological effect. KW: Kruskall–Wallis statistician. Levene
test: Statistical to evaluate homocesticity of variances.
SW: Shapiro–Wilks Statistician: Test to evaluate normality.
Equal lowercase letters in the same column indicate that mortality (%) is statistically
similar according to Tukey’s multiple comparison test.

In relation to the evasion and food activity, it
would be related to their availability as they could
be degrading with temperature increase and humi-
dity decrease, and therefore would be less available.
These results are according to the study conducted
by Zimdahl et al. (1984), where the degradation of
pendimethalin was higher than 30◦C, decreasing as
well as soil moisture. The same would happen in
the ecotoxicological test where the average tempe-
rature ranged from 20.6 to 20.7◦C and the humidity
decreased from 75% to 25%, being more available
in the soil and affecting E. fetida.

4.2 Environmental Impact Assessment
Regarding zeta-cypermethrin, TER was 482.6 which
indicated low toxicity with respect to E. fetida. Con-

sidering the European Community legislation as a
reference, it would not have an impact on the en-
vironment since it is less than 10, thus it does not
represent a risk to E. fetida. A TER of 1 500 was de-
termined for alpha-cypermethrin, as cited by Hart-
nik et al. (2008); while the CR obtained a value of
1.04, which is considered a high environmental risk.
Contrary to TER, the CR approach is used in this
study to identify the most sensitive organism and
to assess the toxicity of the combination of the three
pesticides used in onion cultivation; however, the
environmental impact of earthworms in soil may
be similar in other crops where zeta-cypermethrin,
profenofos and pendimethalin are used.
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Table 3. Mortality and average weights of Eisenia fetida exposed to pendimethalin at 14 d of exposure.

Eisenia fetida

Doses (mg·kg−1)

Acute ecotoxicological Average Weights
effect of pendimethalin (g)

(% M) 0 d ± DE) 14 d (± DE)14 d (± DE)
Control 0.00 (± 0.00)a 2.89 (± 0.06)a 3.18 (± 0.05)a
2 666.67 42.50 (± 0.85)b 2.17 (± 0.09)b 1.25 (± 0.15)b
5 333.33 57.50 (± 1.10)c 2.15 (± 0.07)b 0.92 (± 0.22)b
10 666.67 100.00 (± 0.00)d 2.32 (± 0.12)b 0.00 (± 0.00)c
21 333.33 100.00 (± 0.00)d 2.22 (± 0.09)b 0.00 (± 0.00)c
42 666.67 100.00 (± 0.00)d 2.16 (± 0.06)b 0.00 (± 0.00)c
DL50 3771.23 N.C N.C
DL50-low 1866.24 N.C N.C
DL50-upper 7620.78 N.C N.C
PNEC 3.77123 N.C N.C
KW 22.19 10.66 22.21
Sig 0.00 0.06 0.00
Levene test 9.00 0.42 8.82
Sig 0.00 0.83 0.00
SW 0.78 mn1c|0.84 0.75
Sig 0.00 0.14 0.00

% M:% mortality. DE: Standard Deviation. NC: Not applicable. DL50: Mean lethal
dose. DL50-Low: DL50 (Low Limit). DL50-Upper: DL50 (Upper Limit).
PNEC: Dose without ecological effect. KW: Kruskall–Wallis statistician. Levene
test: Statistical to evaluate homocesticity of variances.
SW: Shapiro–Wilks Statistician: Test to evaluate normality.
Equal lowercase letters in the same column indicate that mortality (%) is statistically
similar according to Tukey’s multiple comparison test.

Table 4. Evasion effect of zeta-cypermethrin, profenofos and pendimethalin on Eisenia fetida at 3 d of exposure.

Pesticides

Eisenia fetida
Evasion Effect Parameters

Doses (mg· kg−1)
Without Toxic With Toxic

χ2 Significance(%) (%)

Zeta-Cypermethrin 15 45 55 4.27 0.04
30 60 40 7.91 0.01

Profenofos 312.5 5 95 0.05 0.82
625 60 40 7.91 0.01

Pendimethalin 1 333.33 40 60 3.33 0.07
2 666.67 80 20 15.24 0.00

Statistical χ2: Chi Square.

TER in profenofos was 12 500, higher than that
of zeta-cypermethrin. Vašíčková et al. (2019) define
TER as an approximation that characterizes the risk
of an independent compound and gives a general
estimate of the environmental impact for each spe-
cies in the soil. CR is applied since its exposure is di-
vided depending on its toxicity, as in the case of pro-
fenofos, which represented a low risk with a value
of 0.08. Residues of profenofos in the soil indicate
environmental concerns, such as adverse effects on
crops and migration to groundwater (He et al., 2010;
Bedi et al., 2015; Gonzales-Condori et al., 2020).

Finally, pendimethalin proved to have lower
TER and CR values in the range of environmental
impact in the different classifications with values of
377 123 and 0.001, yielding zero risk values in both
cases. Goto and Sudo (2018) suggest that the sim-
ple lipid content of pendimethalin and trifluralin
was not the only factor affecting bioaccumulation
potential, but differences in the composition of li-
pids could generate variability in bioconcentration
in biological organisms (Van der Heijden and Jon-
ker, 2011).
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Table 5. Effect of food activity of zeta-cypermethrin, profenofos and pendimethalin on Eisenia fetida at 3 d of exposure.

Pesticides

Eisenia fetida
Evasion Effect Parameters

Doses (mg·kg−1)
Food Activity

(%) χ2 Significance

Zeta-Cypermethrin 15 54.19 0.76 0.39
30 33.33 10.97 0.00

Profenofos 312.5 39.65 3.63 0.06
625 29.12 16.28 0.00

Pendimethalin 1 333.33 49.28 0.05 0.83
2 666.67 32.66 10.86 0.00

Statistical χ2: Chi Square.

Table 6. Environmental impact values of zeta-cypermethrin, profenofos and pendimethalin on Eisenia fetida.

Parameters Zeta-Cypermethrin Profenofos Pendimethalin
MEC or PEC (mg·kg−1) 0,05 (BASF, 2014) 0,1 (Van den Brink et al., 2003) 0,005 (Vašíčková et al., 2019)
(DL50) 48.26 1 250 3 771.23
PNEC (DL50) 0.04826 1.25 3.77123
TER (DL50) 482.6 12 500 377 123
CR (DL50) 1.04 0.08 1
Contribution (%) 92.77 7.14 0.09
CR t (DL50) 1121

MED: Controlled environmental dose of pesticide. PEC: Predicted environmental dose of the soil. PNEC: Dose without
ecological effect. TER: Toxicity exposure ratio. CR: Environmental risk coefficient. CR t: The total environmental risk
coefficient of a studied pesticide area. Contribution: contribution% to the environmental risk per pesticide.

5 Conclusions

The data found from DL50-14d show that the ecoto-
xicity level based on mortality and reduction in E.
fetida weight from the most used pesticides in onion
cultivation in the district of Lurín, Lima, Peru, was
below the recommended doses for pest control by
manufacturers, except zeta-cypermethrin. Evidence
of evasion and food activity with E. fetida was asso-
ciated with the dose closest to DL50. TER value for
the three zeta-cypermethrin, profenofos and pendi-
methalin was calculated, and it did not have any en-
vironmental impact on E. fetida. However, high-risk
values were presented in the total CR, where zeta-
cypermethrin contributed with the highest value,
profenofos showed low risk and pendimethalin did
not show risk for onion cultivation in Lurín. In Peru,
RD N◦ 0020-2013-AG-SENASA-DIAIA shows that
these three pesticides are still registered and can be
used; so, based on this research, it is recommended
that the impact on other soil organisms be evaluated
more deeply, especially zeta-cypermethrin in chro-
nic reproductive trials on E. fetida, because it was
the only pesticide that presented an environmental
risk.

References
Alves, P., Cardoso, E., Martines, A., Sousa, J., and

Pasini, A. (2013). Earthworm ecotoxicological as-
sessments of pesticides used to treat seeds un-
der tropical conditions. Chemosphere, 90(11):2674–
2682. Online:https://bit.ly/3fG52PH.

Aparecida-Giordani, I., Busatta, E., Oliveira, L., Ba-
retta, D., Kissmann, C., and Maluche-Baretta, C.
(2020). Toxicity of pesticides with fungicide
and fungicide+ insecticide effects to Eisenia an-
drei. Revista Ambiente & Água, 1515(3):e2493. On-
line:https://bit.ly/34R9OaO.

Araneda, A., Undurraga, P., Lopez, D., Saez, K., and
Barra, R. (2016). Use of earthworms as a pestici-
de exposure indicator in soils under conventio-
nal and organic management. Chilean journal of
agricultural research, 76(3):356–362. Online:https:
//n9.cl/8nz1q.

Avalos-Ruiz, S. and Iannacone, J. (2020). Evalua-
ción del riesgo ambiental terrestre de dos gasoli-
nas ecológicas de 90 octanos en la lombriz de tie-
rra Eisenia Fetida (savigny, 1826). Revista Campus,
25(30):189–208. Online:https://bit.ly/3sXdy4o.

Bart, S., Amossé, J., Lowe, C., Mougin, C., Péry,

120
LA GRANJA: Revista de Ciencias de la Vida 35(1) 2022:112-123.

©2022, Universidad Politécnica Salesiana, Ecuador.

https://bit.ly/3fG52PH
https://bit.ly/34R9OaO
https://n9.cl/8nz1q
https://n9.cl/8nz1q
https://bit.ly/3sXdy4o


Ecotoxicological impact of three pesticides on Eisenia fetida (californian red worm) on Allium
cepa (onion) crop in the district of Lurín, Lima, Peru

A., and Pelosi, C. (2018). Aporrectodea caligino-
sa, a relevant earthworm species for a posteriori
pesticide risk assessment: current knowledge and
recommendations for culture and experimental
design. Environmental Science and Pollution Re-
search, 25(34):33867–33881. Online:https://bit.ly/
32YqxrG .

BASF (2014). Registration report: Alpha-
cypermethrin, central zone: Germany. Technical
report, BASF. Online:https://bit.ly/3EWkdyd.

Bedi, J., Gill, J., Aulakh, R., and Kaur, P. (2015).
Pesticide residues in bovine milk in punjab, in-
dia: spatial variation and risk assessment to hu-
man health. Archives of environmental contami-
nation and toxicology, 69(2):230–240. Online:https:
//bit.ly/3pVATBP.

Chakra, R. and Rao, J. (2008). Biological response
of earthworm, Eisenia foetida (savigny) to an orga-
nophosphorous pesticide, profenofos. Ecotoxico-
logy and Environmental Safety, 71(2):574–582. Onli-
ne:https://bit.ly/3qHTaSa.

Cruz, A. (2017). Situación actual del consumo de
pesticidas en el perúú. Tesis de grado. onli-
ne:https://bit.ly/33oFOT4, Iniversidad Nacional
Agragia La Molina.

De Silva, P. and Van Gestel, C. (2009). Comparative
sensitivity of Eisenia andrei and Perionyx excavatus
in earthworm avoidance tests using two soil ty-
pes in the tropics. Chemosphere, 77(11):1609–1613.
Online:https://bit.ly/3FUSGyB.

European Commission (2019). Guidance document
on terrestrial ecotoxicology in the context of the
directive 91/414/eec. Technical report, European
Commission. Online:https://bit.ly/3zosWIl.

FAO (2003). Lucha contra la contaminación agrí-
cola de los recursos hídricos. FAO. Online:https:
//bit.ly/36Bb4um00.

Ferrer, A. (2003). Anales del sistema sanitario de Na-
varra, volume 26, chapter Intoxicación por pla-
guicidas, pages 155–171. Online:https://bit.ly/
2PDEm4w.

García-Santos, G. and Keller-Forrer, K. (2011). Avoi-
dance behaviour of Eisenia fetida to carbofu-
ran, chlorpyrifos, mancozeb and metamidophos

in natural soils from the highlands of colom-
bia. Chemosphere, 84(5):651–656. Online:https://
bit.ly/34fArFX.

Giménez, R., Della Penna, A., and Odello, E. (2004).
Efectos tóxicos de los insecticidas clorpirifos y te-
flutrina sobre la lombriz de tierra (Lumbricus te-
rrestris L.). Agricultura Técnica, 64(4):347–352. On-
line:https://bit.ly/3JKhkEu.

Gómez, F., Martínez-Toledo, M., Salmerón, V., Ro-
delas, B., and González-López, J. (1999). Influen-
ce of the insecticides profenofos and diazinon on
the microbial activities of Azospirillum brasilense.
Chemosphere, 39(6):945–957. Onlie:https://bit.ly/
3HDsCbp.

Gonzales-Condori, E., Ramírez-Revilla, S., and
Villanueva-Salas, J. (2020). Role of eisenia foeti-
da in the degradation of profenofos in presence
of native bacterial communities. Revista Mexica-
na de Ingeniería Química, 19(Sup. 1):45–57. Onli-
ne:https://bit.ly/3HBg1pq.

Goto, Y. and Sudo, M. (2018). Uptake and elimi-
nation kinetics of trifluralin and pendimethalin
in Pheretima spp. and Eisenia spp. Environmental
Science and Pollution Research, 25(13):12352–12360.
Online:https://bit.ly/3pPgdLz.

Harnpicharnchai, K., Chaiear, N., and Charerntan-
yarak, L. (2013). Residues of organophosphate
pesticides used in vegetable cultivation in am-
bient air, surface water and soil in bueng niam
subdistrict, khon kaen, thailand. The Southeast
Asian journal of tropical medicine and public health,
44(6):1088–97. https://bit.ly/35kqym8.

Hartnik, T., Sverdrup, L., and Jensen, J. (2008). To-
xicity of the pesticide alpha-cypermethrin to four
soil nontarget invertebrates and implications for
risk assessment. Environmental Toxicology and Che-
mistry: An International Journal, 27(6):1408–1415.
Online:https://bit.y/3sRuGbU.

He, J., Fan, M., and Liu, X. (2010). Environmental
behavior of profenofos under paddy field con-
ditions. Bulletin of environmental contamination
and toxicology, 84(6):771–774. Online:htps://bit.
ly/3zpssBD.

Hulbert, D., Jamil, R., Isaacs, R., Vandervoort, C., Er-
hardt, S., and Wise, J. (2020). Leaching of insecti-
cides used in blueberry production and their to-

LA GRANJA: Revista de Ciencias de la Vida 35(1) 2022:112-123.
©2022, Universidad Politécnica Salesiana, Ecuador. 121

https://bit.ly/32YqxrG 
https://bit.ly/32YqxrG 
https://bit.ly/3EWkdyd
https://bit.ly/3pVATBP
https://bit.ly/3pVATBP
https://bit.ly/3qHTaSa
https://bit.ly/33oFOT4
https://bit.ly/3FUSGyB
https://bit.ly/3zosWIl
https://bit.ly/36Bb4um00
https://bit.ly/36Bb4um00
https://bit.ly/2PDEm4w
https://bit.ly/2PDEm4w
https://bit.ly/34fArFX
https://bit.ly/34fArFX
https://bit.ly/3JKhkEu
https://bit.ly/3HDsCbp
https://bit.ly/3HDsCbp
https://bit.ly/3HBg1pq
https://bit.ly/3pPgdLz
https://bit.y/3sRuGbU
htps://bit.ly/3zpssBD
htps://bit.ly/3zpssBD


Special Issue / Edición Especial
NATURAL RESOURCES SCIENCES Elias Estremadoyro, D. and Iannacone, J.

xicity to red worm. Chemosphere, 241:125091. On-
line:https://bit.ly/34fBohv.

Junquera, P. (2011). Antiparasitarios externos (ec-
toparasiticidas) para el ganado bovino, ovino, ca-
prino, porcino y aviar, perros y gatos. Web.

Lao, W., Tiefenthaler, L., Greenstein, D., Maruya, K.,
Bay, S., Ritter, K., and Schiff, K. (2012). Pyreth-
roids in southern california coastal sediments.
Environmental toxicology and chemistry, 31(7):1649–
1656. Online:https://bit.ly/3pVcEnm.

McGuirk, B., Theron, P., and Maboeta, M. (2020).
The effects of different gold mine tailings on
growth, reproduction and avoidance-behaviour
of earthworms. African Zoology, 55(1):35–42. On-
line:https://bit.ly/3zrqMYD.

Moreno, J. and Huerse, R. (2010). Diagnóstico so-
cioeconómico de la cuenca del río lurín. proyecto:
“desarrollo territorial y generación de empleo en
la cuenca del rio lurín”. Technical report, CGDD-
CIED. Online:https://bit.ly/34lVH7g.

Mosqueda, E. G., Adjesiwor, A. T., and Kniss, A. R.
(2019). Relative toxicity of selected herbicides and
household chemicals to earthworms. bioRxiv, pa-
ge 850222. Online:https://bit.ly/3qNWnQb.

Organization for Economic Co-operation and Deve-
lopment (1984). Guideline for testing of chemicals
no 207. earthworm, acute toxicity tests. Technical
report, OECD. Online:https://bit.ly/3ESqg72.

Organization for Economic Co-operation and Deve-
lopment (2004). Guideline for the testing of che-
micals. test no. 222: Earthworm reproduction test
(eisenia fetida/andrei). Technical report, OECD.
Online:https://bit.ly/3pT95hp.

Piola, L. (2011). Ensayos ecotoxicológicos para la eva-
luación del impacto de plaguicidas en suelos agríco-
las de Argentina. Phd thesis. online:https://bit.ly/
35junbl, Universidad de Buenos Aires.

Pivato, A., Lavagnolo, M., Manachini, B., Vanin,
S., Raga, R., and Beggio, G. (2017). Ecological
risk assessment of agricultural soils for the defi-
nition of soil screening values: A comparison bet-
ween substance-based and matrix-based approa-
ches. Heliyon, 3(4):e00284. Online:https://bit.ly/
31uQ1N6.

Ponz, P. (2010). Biorremediación de pendimetalina
en ensayos de microcosmos controlados. In CO-
NAMA10 Congreso NAcional del Medio Ambiente.
Online:https://bit.ly/2rHQERi.

PPDB (2019). Ppdb - pesticides properties data
base. University of Hertfordshire. Online:https:
//bit.ly/2YSKdas.

Raj Mekapogu, A. (2016). Calculating ld50/lc50
using probit analysis in excel. Blog.

Reddy, N. and Rao, J. (2008). Biological response
of earthworm, Eisenia foetida (savigny) to an orga-
nophosphorous pesticide, profenofos. Ecotoxico-
logy and Environmental Safety, 71(2):574–582. Onli-
ne:https://bit.ly/3qHTaSa.

Romero, P. and Cantú, A. (2008). Ensayos toxicológi-
cos para la evaluación de sustancias químicas en agua
y suelo: la experiencia en México. Instituto Nacional
de Ecología.

Sakata, S., Mikami, N., Matsuda, T., , and Miya-
moto, J. (1986). Degradation and leaching beha-
vior of the pyrethroid insecticide cypermethrin in
soils. Journal of Pesticide Science, 11(1):71–79. Onli-
ne:https://bit.ly/34bJ0l6.

Sánchez-Bayo, F., Baskaran, S., and Kennedy, I.
(2002). Ecological relative risk (ecorr): another ap-
proach for risk assessment of pesticides in agri-
culture. Agriculture, Ecosystems & Environment,
91(1-3):37–57. Online:https://bit.ly/3HuyljQ.

Somasundaram, L., Coats, J., Racke, K., and Shanb-
hag, V. (1991). Mobility of pesticides and their
hydrolysis metabolites in soil. Environmental To-
xicology and Chemistry: An International Journal,
10(2):185–194. Online:https://bit.ly/3mVkYl7.

Sotelo-Vásquez, D. and Iannacone, J. (2019). To-
xicidad aguda de tres plaguicidas (butaclor, oxi-
cloruro de cobre y clorpirifos) sobre el anfípodo
bentónico marino Apohyale grandicornis (kroyer,
1845)(crustacea: Hyalidae). Biotempo, 16(2):239–
254. Online:https://bit.ly/3FWRQkD.

Styrishave, B., Hartnik, T.and Christensen, P., An-
dersen, O., and Jensen, J. (2010). Influence
of soil type and organic matter content on the
bioavailability, accumulation, and toxicity of α-
cypermethrin in the springtail Folsomia candida.
Environmental toxicology and chemistry, 29(5):1084–
1090. Online:https://bit.ly/3znCiUO.

122
LA GRANJA: Revista de Ciencias de la Vida 35(1) 2022:112-123.

©2022, Universidad Politécnica Salesiana, Ecuador.

https://bit.ly/34fBohv
https://bit.ly/3pVcEnm
https://bit.ly/3zrqMYD
https://bit.ly/34lVH7g
https://bit.ly/3qNWnQb
https://bit.ly/3ESqg72
https://bit.ly/3pT95hp
https://bit.ly/35junbl
https://bit.ly/35junbl
https://bit.ly/31uQ1N6
https://bit.ly/31uQ1N6
https://bit.ly/2rHQERi
https://bit.ly/2YSKdas
https://bit.ly/2YSKdas
https://bit.ly/3qHTaSa
https://bit.ly/34bJ0l6
https://bit.ly/3HuyljQ
https://bit.ly/3mVkYl7
https://bit.ly/3FWRQkD
https://bit.ly/3znCiUO


Ecotoxicological impact of three pesticides on Eisenia fetida (californian red worm) on Allium
cepa (onion) crop in the district of Lurín, Lima, Peru

Tian, D., Mao, H., Lv, H., Zheng, Y., Peng, C., and
Hou, S. (2018). Novel two-tiered approach of eco-
logical risk assessment for pesticide mixtures ba-
sed on joint effects. Chemosphere, 192:362–371. On-
line:https://bit.ly/3qPwCih.

Traoré, H., Crouzet, O., Mamy, L., Sireyjol, C., Ros-
sard, V., Servien, R., Latrille, E., Martin-Laurent,
F., Patureau, D., and Benoit, P. (2018). Cluste-
ring pesticides according to their molecular pro-
perties, fate, and effects by considering additio-
nal ecotoxicological parameters in the typol met-
hod. Environmental Science and Pollution Research,
25(5):4728–4738. Online:https://bit.ly/3JKk0C2.

Van den Brink, P. J., Sureshkumar, N., Daam, M.,
Domingues, I., Milwain, G., Beltman, W., and Sa-
tapornvanit, K. (2003). Environmental and hu-
man risks of pesticide use in thailand and sri
lanka; results of a preliminary risk assessment.
resreport, Wageningen : Alterra (MAMAS report
series no. 3/2003) - 89. Online: https://bit.ly/
2PhzumA.

Van der Heijden, S. and Jonker, M. (2011). Intra-
and interspecies variation in bioconcentration po-
tential of polychlorinated biphenyls: are all li-
pids equal? Environmental science & techno-
logy, 45(24):10408–10414. Online:https://bit.ly/
3sUPfUT.

Van Gestel, C. and Weeks, J. (2004). Recommenda-
tions of the 3rd international workshop on earth-
worm ecotoxicology, aarhus, denmark, august
2001. Ecotoxicology and environmental safety (Print),
57(1):100–105. Online:https://bit.ly/32P5DLN.
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