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ABSTRACT

Pesticides containing organophosphorus compounds, such as chlorpyrifos (CPF), 
are frequently used in agricultural activities, and their use has been increasing due 
to the presence of multiple plant diseases which threaten the production of vegetable 
food products. As a result of this practice, the soils in question are often found to be 
contaminated due to the fact that these pesticides do not immediately degrade and 
hence remain for long periods of time. The objective of this study was to evaluate the 
degradation of CPF in the presence and absence of the worm Eisenia foetida (EF) in 
soils contaminated with 40 mg/kg of CPF during a 28-day period. The D group, whose 
soil was sterilized and in which no EF worms were present, yielded a CPF-degradation 
result of 33.68 %. The C group, in which the soil was unsterilized and there were no 
EF worms present, yielded a degradation percentage of 37.16 %. On the other hand, 
the B group, containing sterilized soil in which the EF worms were present, yielded 
a degradation percentage of 60.76 %. Finally, with the A group, in which the soil was 
unsterilized and EF worms were present, degraded in 74.85 %. 

Palabras clave: organofosforados, contaminación, remediación, clorpirifos, lombriz

RESUMEN

Los pesticidas que contienen compuestos organofosforados, como clorpirifos (CPF), 
se utilizan con frecuencia en actividades agrícolas, y su uso ha ido en aumento debido 
a la presencia de múltiples plagas en plantas, las cuales amenazan la producción de 
alimentos de origen vegetal. Como resultado de esta actividad, los suelos en estudio se 
encuentran a menudo contaminados, ya que estos pesticidas no se degradan inmediata-
mente y por lo tanto permanecen durante largos periodos de tiempo. El objetivo de este 
estudio, realizado en suelos contaminados con 40 mg/kg de CPF durante un periodo 
de 28 días, fue evaluar la degradación de CPF en presencia y ausencia de la lombriz 
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Eisenia foetida (EF). En el grupo D, cuyo suelo estaba esterilizado y en ausencia de 
EF, se obtuvo una degradación del CPF de 33.68 %. En el grupo C, donde el suelo no 
estaba esterilizado y en ausencia de EF, se obtuvo un porcentaje de degradación de 
37.16 %. Por otro lado, el grupo B, que contenía suelo esterilizado en presencia de EF, 
mostró un porcentaje de degradación de 60.76 %. Finalmente, el grupo A, cuyo suelo 
no estaba esterilizado y en presencia de EF, se degradó en un 74.85 %. 

INTRODUCTION

For many years now, pesticides have brought 
human beings many benefits in the fields of public 
health and agriculture, being first-choice resources 
for different activities due to their use in agriculture 
in order to combat diseases and thus guarantee the 
quality as well as quantity of food products. They 
are likewise used in public health in order to control 
vectors that spread dangerous epidemics (Schaaf 
2013). The pesticides with chemical structures that 
possess esters of phosphoric acid are referred to as 
organophosphorus compounds (OP), whose specific 
pharmacological action is to inhibit acetylcholines-
terase in nerve ends, generating an accumulation of 
acetylcholine and resulting in the alteration of the 
nerve impulse functions (Fernández et al. 2010).

A wide range of environmental issues have ap-
peared as a consequence of the increase in the use 
of organophosphorus pesticides (OP) in agricultural 
practices during the last few years. These chemi-
cal substances show a tendency to bioaccumulate 
through trophic chains; as a result, high levels of 
toxicity are generated. This situation triggers po-
tential health risks for species that interact with 
this kind of substances (Marín and Jaramillo 2015). 
There are three classes of symptoms stemming from 
organophosphorus-compound poisoning: muscarinic, 
nicotinic, and central nervous system (CNS) effects. 
On the other hand, miosis is the most consistent 
symptom; however, its absence does not necessarily 
exclude poisoning. These symptoms are also classi-
fied according to their levels of severity, i.e., mild, 
moderate, or acute (Sánchez et al. 2010).

Given that organophosphorus compounds are 
composed of highly toxic chemicals, their excessive 
use has caused a massive deterioration of agricul-
tural soils, as well as serious damage to ecosystems 
and human health. For this reason, bioremediation 
stands as an alternative to break down pesticides 
into simpler compounds, thus rendering them less 
dangerous, through the use of the metabolic potential 
of microorganisms (Hernández et al. 2017). Studies 
show that the use of worms considerably increases 

the degradation of pesticides such as metolachlor 
(Sun et al. 2019), acetochlor (Hao et al. 2018), and 
atrazine (Lin et al. 2018) by microbial communities 
in the soils.

The remediation of contaminated soils using 
earthworms as well as plants seems to be worthwhile 
and has proven to be an environmentally-friendly 
technology. Earthworms improve the structure of 
the soil, contribute to the decomposition of organic 
material, and help facilitate the nutrient cycle. Fur-
thermore, they play a vital role in the evaluation of 
eco-toxicological risks in soils. Nevertheless, the 
implementation of worms for the purpose of bio-
remediation is an innovative technique, which has 
demonstrated the worm’s ability to assimilate metals 
by way of their digestive tracts. It is also known that 
through their mucilaginous secretions and trans-
formation of organic material, worms increase the 
activity of microorganisms and the availability of 
nutrients. Likewise, it has been reported that worms 
can stimulate bacteria, fungi, and other species re-
lated to the degradation of some organic pollutants 
(Zapata et al. 2017).

Therefore, the objective of this research was to 
evaluate the degradation of a pesticide containing 
chlorpyrifos in polluted soils in the presence of the 
red California earthworm (Eisenia foetida). 

MATERIALS AND METHODS

Determination of chlorpyrifos through high-
resolution liquid chromatography 

The equipment utilized in the study was the fol-
lowing: high performance liquid chromatographer 
(HPLC) Hitachi Chromaster with diode array detec-
tor (DAD), Chromolith column RP-18e of 4.6 × 100 
mm; chlorpyrifos, reference standard 99.5 % from 
Sigma Aldrich; and acetonitrile, HPLC Merck grade, 
ACN moving phase: H2O (60:40), flow of 2 mL/
min, 205 nm wave longitude. The retention time was 
evaluated, and the method for evaluating linearity, 
precision, sensitivity, and exactitude was validated 
(Quattrocchi 1992). 
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Extraction of chlorpyrifos from contaminated 
soils 

Soil sampling was performed by the zig-zag 
systematic sampling method (Torri et al. 2007). For 
the extraction of chlorpyrifos from soils, an extrac-
tion system (Fig. 1) conditioned with two layers of 
filter paper and 2 g of anhydrous sodium sulfite was 
prepared. Subsequently, 5 g of the homogenized 
sample, which was placed in contact with 5 mL of 
HPLC-grade acetonitrile, were added. The system 
was then subjected to ultrasound for 15 min, filtered 
until empty, and extracted again with another 5 mL 
acetronile. The syringe was then washed with 2 ad-
ditional mL of acetonitrile. The resulting solution 
was filtered using a Whatman 45 µm nylon filter and 
then it was read with HPLC (Majzik-Solymos et al. 
2001, Castro 2002).

Degradation bioassay of the red California ear-
thworm (Eisenia foetida)

Earthworms were obtained from plant nurser-
ies maintained in the zoology area of the School of 
Biology of the National University of San Agustín, 
located in the city of Arequipa. For the present study, 
adult worms were used (Svobodová et al. 2018, 
Xu et al. 2019), which were raised in the Project 
Mercury research laboratory located at the Catholic 
University of Santa María (also located in Arequipa), 
in soils enriched with 10 % of organic material and 
humidity adjusted to approximately 40 %. The deg-
radation runs were developed using a methodology 
of toxicity studies, present in the soil test established 
by the Organization for Economic Cooperation and 

Development (OECD 1984). Studies of enzymatic 
activity of Eisenia foetida in the presence of chlor-
pyrifos work at a concentration of 40 mg/kg (Wang 
et al. 2012). On the other hand, the avoidance re-
sponse test showed significant repellent effects at a 
chlorpyrifos concentration of 40 mg/kg (Zhou et al. 
2007). Soils were contaminated with chlorpyrifos at 
a concentration of 40 mg/kg, dissolved in 5 mL of 
petroleum ether and later mixed with 150 g sand in 
order to be dispersed homogenously throughout the 
soils under study. 

For the degradation study, a factorial design 22 

(Table I) evaluating the four groups (A, B, C, and 
D [control group]) was used. The worms were of the 
same size (7.01 ± 0.17 cm) and sexual maturity. The 
bioassay was developed in a glass container with 500 
g of contaminated soil and 40 mg/kg of chlorpyrifos. 
Group D contained sterilized soil without the pres-
ence of worms. Group C contained soil only. Group 
B consisted of sterilized soil with the presence of 20 
individual worms of Eisenia foetida with well-devel-
oped clitellums, adding 10 worms to each treatment 
(Zhou et al. 2007, Hao et al. 2018). Finally, Group 
A consisted of unsterilized soil with the presence of 
the same quantity of individual worms as Group B. 
Samples were taken every seven days for a month, 
and concentrations of chlorpyrifos were determined 
by HPLC. The enzyme activity of worms exposed to 
chlorpyrifos was lower compared to the control and 
decreased in response to increasing concentrations of 
chlorpyrifos during the seven days of exposure (Wang 
et al. 2012). Then, the recognizable symptoms of 
poisoning disappeared approximately 14 to 21 days 
after exposure (Aamodt et al. 2007). Sampling was 
determined after 0, 7, 14, 21 and 28 days according 
to the Lin’s method (Lin et al. 2018).

Statistical analysis 
Data were plotted using OriginPro (v. 9.0), and 

the difference between treatments (p < 0.05) was de-
termined by a one-way variance analysis (ANOVA) 
(Sun et al. 2019) with the Tukey honestly significant 

4

1
2
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3

Fig. 1.	 Extraction system: (1) filter paper; (2) anhydrous sodium 
sulfite; (3) sample; (4) acetonitrile gradient grade for 
liquid chromatography, and (5) ultrasound bath

TABLE I.	 FACTORIAL DESIGN OF THE DEGRADATION 
BIOASSAYS

Variables Microbiotic flora Worms 

Groups

A Yes Yes
B No Yes
C Yes No
D No No
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difference (HSD) multiple comparison test, as well 
as processing of factorial design data. The cube plot 
was obtained for more optimal interaction and the 
Pareto diagram was used to know if the evaluated 
factors were determinant in the degradation using 
Minitab 17 software. 

RESULTS AND DISCUSSION

The retention time obtained for chlorpyrifos was 
4.6 minutes in already-established conditions (Fig. 2). 
The method presented a linear correlation between 
the concentration and its answer, with a determina-
tion coefficient (R2) of 0.9996. The quantification 
(LOD) and detection (LOQ) limits were 0.0795 and 
0.0484 mg/L, respectively. The variation-percentage 
coefficient was 2.25 %. Finally, the method recovery 
percentage was 90.48 % (Table II).

Bioassay of chlorpyrifos degradation in soils 
In a previous study conducted by Chen et al. 

(2014) regarding the acute toxicity (LC50) of chlor-
pyrifos in Eisenia foetida, using OECD for soil 

during 7 to 14 days as test method, LC50 values for 
chlorpyrifos of 421.3 and 384.9 mg/kg, respectively, 
were found. 

In table III and figure 3, it can be observed that 
at the end of the treatment in group A, in which 10 
worms and microorganisms interacted, the chlorpy-
rifos levels diminished by 74.85 % compared to the 
control group, hence there is a significant reduction. 
In group B, which only contained 10 worms with 
sterilized soil (in absence of microorganisms), the 
degradation was 60.76 %. In group C, which con-
tained microorganisms in the absence of Eisenia 
foetida, a degradation of 32.18 % was identified. 
Finally, in group D, which contained sterilized soil 
in the absence of worms, a degradation of 33.68 % 

TABLE III.	PERCENTAGE OF CHLORPYRIFOS DEGRA-
DATION UNTIL DAY 28*

Time
Days

Degradation 

A
%

B
%

C
%

D
%

0 0 0 0 0
7 47.41 36.32 16.53 9.74

14 52.84 38.94 25.21 20.43
21 53.01 50.61 33.20 27.01
28 74.85 60.76 37.18 33.68

*One-way variance analysis (p < 0.05) and the Tukey test dem-
onstrated that significant differences were found between the 
study groups. F value (819.373) > critical value for F (4.066); 
p value: 2.72 × 10–10 (p < 0.05)
A: Eisenia foetida + native bacteria, B: Eisenia foetida, C: native 
bacteria, D: control group

TABLE II. METHOD VALIDATION

R2 CV % LOD 
(mg/kg)

LOQ 
(mg/kg)

% de
Recovery

Chlorpyrifos 0.9996 2.25 0.0484 0.0795 90.48

R2: determination coefficient, CV %: coefficient of variation, 
LOD: limit of detection, LOQ: limit of quantification
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Fig. 2.	 Chromatogram to 205 nm corresponding to chlorpyrifos with a retention time of 4.6 min
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of the aforementioned organophosphorus compound 
pesticide was observed (Table III). 

Pesticide degradation in soils self-rehabilitated 
without worms (target) 

The World Health Organization (WHO) reports 
that with temperatures up to 25 ºC in centers buffered 
to pH levels of 5 and 7, the degradation period of 
chlorpyrifos is approximately 72 days, and in those 
buffered to a pH level of 9, the average lifetime di-
minishes drastically to 16 days, which is due to the 
hydrolysis process that directly affects organophos-
phorus-compound pesticides. 

Tay et al. (2010) evaluated the hydrolysis of 
chlorpyrifos in watery centers buffered in different 
temperature and pH conditions, discovering that the 
average lifetime of chloropyrifos is relatively stable 
in acidic centers. However, the degradation velocity 
increased as pH was elevated (pH values of 4, 7 and 
10). In a like manner, temperature also had a signifi-
cant effect regarding the rate of hydrolysis. Tay et al. 
(2010) demonstrated that starting from a pH of 7, the 
hydrolysis process is more aggressive and follows 
first-order kinetics. 

For this reason, in figure 4 it can be observed 
that within the target, the concentration level of 
chlorpyrifos diminishes until reaching a degrada-
tion percentage of 33.68 %. This could be due to 
the hydrolysis process since according to Tay et al. 
(2010) the pH level of soil was reported as 7.051 
during the treatment.

Degradation assisted by microorganisms 
Swapnil et al. (2012) evaluated the degradation 

abilities of the bacterial consortium Exiguobac-
terium sp. BCH4 and Rhodococcus sp. BCH2 for 
the purpose of degrading acephate. It achieved a 
degradation of 75.85 % in 6 days at an initial con-
centration of 50 mg/L. 

In the present project, a chlorpyrifos degradation 
of 37.18 % (Fig. 4) was obtained. This result could 
be directly related to the bacterial activity in the soil; 
however, one cannot draw a conclusion on the basis 
that hydrolysis processes play an important role, 
and according to this the percentage obtained is not 
necessarily due to bacterial activity but rather to other 
types of microorganisms or the average lifetime of 
pesticides. 

Performance of Eisenia foetida regarding chlor-
pyrifos degradation 

Qixing et al. (2008) evaluated the natural degra-
dation rate of methamidophos in comparison with 
the activity of Eisenia foetida, such as the presence 
of copper. They determined that the average life-
time of methamidophos in phaeozem was reduced 
to 5.08 days when worms were present, suggesting 
that the result was due to the detoxification effect 
assisted by the worm Eisenia foetida. The present 
project succeeded in providing evidence proving 
that Eisenia foetida could increase the degradation 
process of the organophosphorus-compound pesti-
cide chlorpyrifos.

In figure 4 it can be seen that Eisenia foetida 
reduced chlorpyrifos by 60.76 %. This performance 
could be due to the fact that these annelids process 
the soil for the gathering of humus, involving the 
alkalinization of the soil in their digestive tracts, 
thus diminishing pH levels while achieving an in-

Time (days)
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Fig. 3.	 Chlorpyrifos degradation in groups A (Eisenia foetida + 
native bacteria), B (Eisenia foetida), C (native bacteria), 
and D (control group) until day 28
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crease in hydrolysis processes directly affecting the 
organophosphorus-compound pesticide in question. 

Givaudan et al. (2014), whose hypothesis fo-
cused on the acclimatization of earthworms to or-
ganic chemical products (pesticides), evaluated the 
adaptive ability of two populations of earthworms 
(Aporectodea caliginosa), which involved an expo-
sure time of 20 years to organic soil pollutants such 
as epoxiconazole, a fungicide used worldwide. It 
was observed that the respiration rate was increased 
in both worm populations exposed to fungicides in 
comparison to the control groups. This result may 
explain why worms are located close to the surface. 
On the other hand, the glycogen resources were 
reduced in similar proportions in both populations 
previously exposed for 28 days. The soluble protein 
and the majority of the aminoacid content increased 
only in the population previously exposed, which 
suggests a detoxification mechanism. 

In the present study, worms were obtained from 
plant nurseries in the city of Arequipa in which the 
use of insecticides was not reported, and also the 
worms were acclimatized during the development 
of the project. As Givaudan et al. (2014) indicate, 
the period during which the worms acclimatize to a 
center contaminated with pesticides is 7 to 28 days. 
This result may shed light on the behavior observed in 
figure 5, in which it can be observed that the acclima-
tization period is approximately 12 days. During this 
time, the respiration of the annelids increases and the 
glycogen deposits begin to diminish, which causes a 
likewise decrease in the mobility of the worms. After 
this time, the degradation increases.

Performance of Eisenia foetida in the presence of 
soil microorganisms 

In figure 6 it can be observed that chlorpyrifos 
degradation in group A, in which there were as many 
worms as soil microorganisms, was 74.85 %. On the 
other hand, it should be highlighted that if the average 
effect of the degradation in the presence of Eisenia 
foetida and native bacteria is evaluated separately, 
it seems to be affected more by Eisenia foetida. It is 
likely that Eisenia foetida and native bacteria play 
a synergistic role in the degradation of chlorpyrifos 
because studies reveal that the activity of  E. foetida 
favors bacterial growth, promoting greater degrada-
tion compared to these two factors when evaluated 
separately. 

Accordingly, in the soil there are not only bacteria 
involved in the degradation of Chlorpyrifos such as 
Klebsiellia sp. (Gilani et al. 2010), Acinetobacter sp., 
Pseudomonas putida, Bacillus sp., Pseudomonas ae-
ruginosa, Citrobacter freundii, Stenotrophomonas sp., 
Flavobacterium sp., Proteus vulgaris, Pseudomonas 
sp., Acinetobacter sp., and Proteus sp. (Pino and Pe-
ñuela 2011), but also other kinds of microorganisms 
such as Acremonium sp. (Kulshrestha and Kumari 
2011) and Verticillium sp. (Fang et al. 2008). Lu et 
al. (2014) reported the influence of inoculation with 
the arbuscular mycorrhizae fungi (AMF) Glomus 
caledoniun L. and/or earthworms (Eisenia foetida) 
in phytoremediation processes in soil contaminated 
with PCB for a rye grass crop during 180 days. In this 
case, rye-grass plantation, rye grass inoculated with 
earthworms, with AMF, and co-inoculated with AMF 
and earthworms, PCB levels diminished by 58.4 %, 
62.6 %, 74.3 %, and 79.5 % respectively. Clearly, 
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it can be observed that Eisenia foetida promotes the 
degradation activity of this organic pollutant. How-
ever, the combination of worms with fungi increases 
in great measure the velocity of PCB degradation. In 
the present study, it can be observed that there is also 
an increase in chlorpyrifos degradation in soils with as 
many worms as microorganisms present (Table III). 

Finally, through the Pareto diagram representing 
the effects of the factors Eisenia foetida (A) and na-
tive bacteria (B), showing their causal relationships 
with regards to degradation (Fig. 7), it can be ap-
preciated that in both cases the individual factors as 
well as their combination (AB) do not interfere with 
the process in a negative way. 

CONCLUSIONS

The current study demonstrates that chlorpyrifos 
undergoes hydrolysis processes due to the influence 
of pH (7.051), degrading over a period of 28 days to 
33.68 %. The microbial activity of the soil degraded 
the presence of chlorpyrifos to 37.16 %, demonstrat-
ing that bacterial activity plays an important role in 
the degradation process. On the other hand, Eisenia 
foetida accelerates the degradation process, achieving 
a degradation percentage of 60.76 % of the chlor-
pyrifos present in the soil, which strongly indicates 
that this annelid helps to facilitate the chlorpyrifos 
degradation process. Finally, Eisenia foetida, in com-
bination with general soil microorganisms, performs 

a synergistic role relating to the degradation of pesti-
cide, as was proven by the decrease of chlorpyrifos 
levels to 74.85 % at the end of the treatment. 
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