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ABSTRACT
The search for microorganisms with high capacity for pesticide degradation is 

a very interesting attempt to approach bioremediation strategies in order to prevent 
contamination. This study evaluates the potential of agricultural soils and solid orga-
nic waste cultures microbial isolation as a strategy for screening microorganisms with 
potential for Methyl parathion (MP) degradation. For the study, microbial consortia 
were recovered from the liquid fraction of suspension cultures of agricultural soils 
and solid organic waste. Then, the MP degradation ability and its toxic effect on 
microbial activity were determined during microbial incubations under laboratory 
controlled conditions. The results showed that it is not possible to recover the active 
microorganisms that have potential to degrade the MP from the agricultural soils. 
However, an active consortium that would degrade both MP and its degradation 
products was isolated from the organic solid waste.
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CULTIVO LÍQUIDO PARA AISLAR MICROORGANISMOS CON 
POTENCIAL PARA DEGRADAR METIL PARATIÓN A PARTIR DE SUELOS 

AGRÍCOLAS Y RESIDUOS ORGÁNICOS

RESUMEN
La búsqueda de microorganismos con alta capacidad de degradación de los 

plaguicidas es un intento muy interesante de acercarse a las estrategias de biorre-
mediación con el fin de evitar la contaminación. Este estudio evalúa el potencial 
del cultivo de microorganismos de suelos agrícolas y de residuos sólidos orgánicos 
como una estrategia para la detección de microorganismos con potencial para el 
metil paratión (MP) la degradación. Para el estudio, consorcios microbianos fueron 
recuperados de la fracción líquida de los cultivos en suspensión de los suelos agrícolas 
y los residuos sólidos orgánicos. La capacidad de degradación de la MP y su efecto 
tóxico sobre la actividad microbiana se determinó durante las incubaciones de los 
microorganismos en condiciones controladas de laboratorio. Los resultados mostra-
ron que no es posible recuperar los microorganismos activos que tienen potencial 
para degradar el MP de los suelos agrícolas. Sin embargo, un consorcio activo que 
degradaría tanto MP y como sus productos de degradación se aisló a partir de los 
residuos sólidos orgánicos.

Palabras clave: Metil paratión, organofósforo, biorremediation, cultivo líquido, 
aislamiento microbiano.
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INTRODUCTION
Methyl parathion (MP) is an organophosphate 

pesticide widely used in agriculture to control in-
sects [1], but its use is now restricted. Organophos-
phate pesticides represent 38% of the pesticides 
used in the world [2]. These compounds have an 
inhibitory effect of acetyl cholinesterase that is 
required for the normal operation of the nervous 
system [1, 3]. The hydrolysis of the phosphodiester 
bond drastically affects the toxicity of organophos-
phate pesticides, thus being an important step 
for their detoxification [4, 5]. In the case of MP, 
this transformation leads to the generation of p-
nitrophenol (PN) [6]. This hydrolysis, and most of 
the degradation process of the organophosphate 
pesticides, has a microbiological origin. The micro-
bial ability to degrade organophosphate pesticides 
has proven to be a genetically preserved character 
[7] that facilitates the pesticide degradation, solving 
problems of soil contamination [8-11].

The capacity of agricultural soils to degrade 
organophosphate pesticides such as the MP has 
been widely reported [7, 12, 13], and it allows the 
implementation of bio-augmentation plans for 
bio-remediation of contaminated soils [14]. This 
strategy assumes that the frequent application of 
the same pesticides induces an increase on the 
native fungi and bacteria that are adapted to the 
pesticide, thus, being suitable to be used as a carbon 
and energy source. These microorganisms naturally 
do the degradation of soil contaminants [9, 10, 15]. 
Moreover, the organic pollutant degradation of 
microorganisms coming from the transformation 
of organic solid waste has been also reported [16]. 
Thus, the process of organic material degradation 
from municipal waste promotes the development 
of microorganisms with a variety of enzymatic capa-
bilities, which promotes degradation of recalcitrant 
compounds [14].

Under laboratory conditions, the use of pes-
ticides as a source of carbon and energy aims to 
select populations capable of degrading recalcitrant 
compounds [17, 18]; this strategy has been widely 

reported in the case of organophosphate pesticides 
[18, 19]. The laboratory enrichments induce the pro-
liferation of degrading microorganisms; therefore, 
allowing their isolation [14]. Water extraction and 
liquid cultures have been the most common strate-
gies to extract microorganisms from the solid sam-
ples and to conduct enrichment experiments [19].

This study evaluated the potential of the liquid 
culture enriched with MP as a strategy for preselect-
ing microorganisms and consortiums with MP de-
grading potential. Two sources of microorganisms 
were studied: agricultural soils with MP degrading 
potential, due to the fact that they were periodically 
treated with organophosphate pesticides and an 
organic solid residue from fruit wastes.

1 METHODOLOGY
Chemical Products: Microbial culture media 

were made with NaCl, KH2PO4, K2HPO4, (NH4)2SO4, 
MgSO4, ZnSO4

.7H2O, MgCl2
.4H2O,boric acid; 

CoCl2
.6H2O, CuSO4, NiCl2,FeSO4, EDTA, glucose 

and analytical grade yeast extract (Merck). For the 
MP degradation studies, a commercial concen-
trated emulsifiable liquid of MP (480 g L-1; Methion 
48 EC; from the company Agroser SA) was used. 
MP and PN with analytical standards (99.5% pu-
rity; Chem Service SA company), and acetonitrile 
(HPLC grade; Mallenckrodt) and water MilliQ (as 
solvents) were used for the high performance liquid 
chromatography (HPLC) analysis.

Microbial sources: three agricultural soil 
samples that were in presence of organophosphate 
pesticides were selected due to the presence of 
microorganisms with MP degradation capacities 
of over 80% after 5 days of incubation at 28°C 
(unpublished results). Two soil samples were col-
lected in the state of Antioquia, Colombia (one ob-
tained from a strawberry plantation and the other 
from a export-quality flower field both routinely 
sprayed with malathion and chlorpyrifos organo-
phosphorated pesticides). An additional soil sample 
frequently fumigated with MP was obtained from 
an extensive cotton plantation (state of Córdoba, 
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Colombia). The samples were collected at 10 cm 
of soil depth, and were later put through a 2-mm 
sieve, mixed in equal proportion and preserved 
at 4°C until the time of testing. The solid organic 
waste consisted of a mixture of fruit waste (mango, 
papaya, pineapple and bananas) in equal fresh 
weight proportions.

To determine the total microorganism content, 
the samples (agricultural soil mixture and organic 
solid waste) were serially diluted in a buffered saline 
solution prepared with 8 g L-1NaCl, 1.21 g L-1 of 
K2HPO4 and 0.34 g L-1 KH2PO4, and cultured in an 
agar dilution plate count. The cultures were main-
tained in the darkness at 28°C for 7 days; then, the 
number of colony forming units per gram of soil 
(CFU g-1) was determined. The Walkley-Black wet 
oxidation method (OM) [20] was used to determine 
the organic matter of the agricultural soil mixture 
and the organic solid waste of the essays.

Liquid pre-culture: A suspension pre-culture 
was prepared for the liquid microbial growing 
activation from the soil and solid organic waste, 
the soil pre-culture was prepared using 200g of 
the agricultural soil mixture and adjusting the 
final volume to 1 L with a salt solution enriched 
with 1.5 g L-1 de K2HPO4, 0.5 g L-1 de KH2PO4,1 
mg L-1 de (NH4)2SO4, 0.21 g L-1of MgSO4

.7H2O 
and 0.5 g L-1 of yeast extract. For the solid organic 
waste suspension pre-culture preparation, 200 g 
of fruit waste was subjected to a liquid pre-culture 
process adjusting the final volume to 1L. The vol-
ume was adjusted with a salt solution similar to 
the one used for the soil pre-culture but without 
yeast extract. Both pre-cultures were placed in 10L 
glass containers and maintained under horizontal 
stirring (100 rpm) under laboratory conditions 
25±2°C for 4 days.

In order to obtain the microbial consortia pres-
ent in the liquid fraction of the pre-cultures after 
the incubation time, the agitation was stopped for 
16 hours and the supernatant fluids were trans-
ferred to sterile containers glass by suction.

Media and culture conditions: microbial 
culture media were prepared with NaCl, KH-
2PO4, K2HPO4, (NH4)2SO4, MgSO4, ZnSO4

.7H2O, 
MgCl2

.4H2O, boric acid; CoCl2
.6H2O, CuSO4, 

NiCl2,FeSO4, EDTA, glucose and analytical grade 
yeast extract (Merck). 250 mL of this microbial 
suspension were placed in 750 mL glass containers 
of sealed amber screw cap. For the contaminated 
cultures, suspension was enriched with 20 mg L-1 of 
MP (Methion 48 EC). Uncontaminated microbial 
suspensions were used as controls. The cultures 
were maintained on horizontal shakers at 100 rpm 
under laboratory conditions at 25±2°C for 6 days. 
The tests were performed in triplicate.

Determination of toxic effect: the total res-
piration estimated through the kinetics of miner-
alization was used to determine the effect of the 
MP on the microbiological activity. The carbon 
dioxide (CO2) generated was measured by deposit-
ing a 25 mL glass jar with 10mL of 0.8N NaOH 
solution in the interior of each culture vessel. The 
cultures were subjected to processes of aeration 
and the NaOH solution was replaced daily. The 
determination of CO2was carried out by titration 
of NaOH with HCl (0.4N) after the addition of 
BaCl2 to saturate, and 1% phenolphthalein as a 
pH indicator. The milligrams of CO2 produced per 
mL of liquid culture of agricultural soil mixture or 
soil organic waste were calculated daily by means 
of the following equation.

2
( ) 22.005 (1)HClVb Vm NmgCO

M
- ´ ´

=

Where: Vbis the volume of HCl used for the 
titration of the blank (mL);Vm is the volume of HCl 
used for sample titration (mL);NHC lis the normal-
ity of HCl; and M is the sample volume (mL).

Methyl-parathion degradation assessment: 
aliquots of10 mL of the culture were sampled on 
days 0, 1, 2, 3, 5 and 6 and stored at-4°C to moni-
tor the MP degradation process. For performing 
the analysis, samples were thawed and subjected to 
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centrifugation procedures (1000 rpm, 30min) to 
remove the cell pellet. Finally, the liquid fraction 
obtained was filtered through a nylon membrane 
(45μm). The analysis of the samples was performed 
through a high performance liquid chromatogra-
phy (HPLC), using a liquid high-resolution chro-
matograph (Agilent Technologies, model 1100, 
equipped with a G1311A quaternary pump), a 
diode array detector G1315B DAD, an automatic 
injector equipped with an injection loop of 20μl, 
and a SB-C-18 reversed phase column Zorbax (150 
X 4.6 min diameter and 5μm particle size). The 
mobile phase used was a mixture of acetonitrile 
and water with the following gradient change 
times: 3, 5, 9, 15 and 16 minutes, and the following 
proportions of acetonitrile 0.5, 70, 70, 80 and 0.5. 
The flow rate was 1mL min-1. The analysis time was 
16 minutes. Standard curves for chromatographic 
analysis were done with concentrations of 0.1, 5, 
10, 20 and 50 mg L-1 of MP (274nm), and 0.5, 1, 2, 
2.5, 5 mg L-1 for the NP (320nm). The chromato-
graphic data were processed using the ChemStation 
software, version A.10.02.

Statistical Analysis: Data normality verifi-
cation was performed, regression analysis and 
calibrations were done to explain the variation 
of the compound and the CO2 generated by the 
microbial activity, the intercept of the models was 
removed in cases where the p value of the intercept 
was greater than 0.05. Multivariate analyses were 
performed using the Pearson correlation test to 
determine the correlation between the change of 
the detected compounds and their dependence 
of the time culture. Multivariate analyses were 
performed using the Pearson correlations tests to 

determine the correlation between the evolved 
concentrations (mgL-1) of the compounds (MP 
and PN) found by HPLC versus the culture time. 
Some unidentified degradation product (UDP) 
analyses were included in this study; for them, the 
variation of the maximum absorbance (muA) was 
used. In order to graphically visualize the evolution 
of the different compounds during the culture, 
the concentrations were normalized using the C/
Cmax relationship, where C is the concentration 
of a compound at a given time and Cmax is the 
maximal concentration found during the experi-
ment. Finally, multiple regression analyses were 
performed to obtain the general model equations 
that predicted MP and PN time variations.

2 RESULTS AND DISCUSSION
Soil and solid organic waste initial evaluation: 

big differences of organic matter (4.4% and 29%) 
and microorganisms (4.40 x105 and 5.60 x 1011 

CFU g-1) for the soil agricultural mixture and solid 
organic waste were found for the suspension pre-
cultures. As it was expected, the differences affected 
the forecasted microbial activity and development 
in the liquid fraction of the suspension pre-culture.

Total biological activity and toxicity effects 
of methyl-parathion: the implementation of the 
regression analysis allowed the generation of highly 
reliable models (R2>97%; p=0.0001) to determine 
and predict the activity of microbial consortia that 
were recovered from the liquid fraction of the pre-
cultures in the suspension of organic waste residues 
and agricultural soils (Table 1). Additionally, these 
models allowed comparing the activity of the 
cultures exposed to MP with the ones that were 

Table 1. Models of CO2 variation according to the time (t), R2 and p values for the different essays: soil control (SC), 
solid organic waste (SOW), Solid organic waste/ contaminated with MP (SOW+MP), Soil contaminated with MP (S+MP)

Essay SC SOW SOW+MP S+MP

R2 97% 97% 97% 97%

p 0.0001 0.0001 0.0001 0.0001

Model CO2(mg)=18.9*sqrt(t) CO2(mg)=10.1*t CO2(mg)= 9.2*t CO2(mg)=7.2*t

Source: the authors
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used as control without exposure to MP, in order 
to determine the toxic effect of this compound on 
consortia for both types of cultures.

The total respiration of the consortium in 
liquid cultures expressed as the cumulated miner-
alization (Figure 1) showed an exponential miner-
alization rate starting at 18.9 mgd-1 of CO2.while for 
the consortia from soil cultures that were exposed 
to MP, the mineralization kinetics is linear, with 
a slope of 7.2 mgd-1of CO2. The mineralization ki-
netics of the consortia extracted from the organic 
waste was also linear, with mineralization rates of 
10.14 and 9.2 mgd-1 of CO2 for the control and MP 
exposed cultures, accordingly.
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Figure 1. Kinetics of mineralization for microbial consortia 
extracted from the liquid fractions of the pre-cultures of 
solid organic waste and agricultural soils cultured under 
liquid conditions. Consortia fromsoil control not exposed 
to MP (▲), soil exposed to MP (Δ), solid organic waste not 
exposed to MP (■), solid organic waste exposed to MP (□).

Source: the authors

In the initial stage, the rate of mineralization 
of consortia of soil cultures was even higher than 
these obtained from organic solid waste cultures 
under non contaminated control conditions (Fig-
ure 1). The mineralization rate of consortia of soil 
cultures decreased on the second day of incubation, 
probably because the depletion of the nutrients, 
which had been quickly consumed. Mineraliza-
tion rates showed that microbial activity caused a 
decrease of the MP consortia derived from agricul-
tural soils to the value of 7.2 mgd-1 ,the lowest CO2 
obtained in all trials, which was in accordance to 
the expectations since the toxic effect of MP on 
soil microorganisms has been widely reported [6, 
21-24]. It is possible that nutrients were utilized 

more slowly in cultures enriched with MP, allowing 
a constant utilization and thus, obtaining constant 
mineralization rates without evidence of deple-
tion of nutrients 7 days after starting the culture, 
as it was presented in uncontaminated control  
cultures.

MP toxicity was also evident on the slopes that 
showed a decrease from 10.14 to 9.2 mg d-1 of CO2 

for the microorganisms recovered from the liquid 
fraction of solid organic waste. It is likely that the 
nutrient content available is enough for the main-
tenance and development of microbial activities 
for the associations of organic solid residues. As 
it was expected, the final value obtained for soil 
consortia showed a lower mineralization than the 
one for waste consortia, as soil nutrients are more 
limited and quickly exhausted (4.4% compared 
with 29%, respectively, as it was detected in the 
raw materials).

Degradation: the HPLC analysis allowed the 
identification of the PN and another 2 possible un-
identified degradation products (UDP) of MP: they 
were named according to their time retention: UDP3 
(5.2 min; 320 nm) and UDP4 (6.3 min, 274 nm).

The C/Cmax analysis (Figures 2 and 3)con-
sidered Cmax to be the maximum muA values 
detected for the compounds when they were at their 
maximum level during the culture time: MP (1420 
muA; 0 days of culture), PN (776 muA, 0 days of 
culture, detected to be as degradation product of 
the commercial product). The Cmax of UDP3 (259 
muA; 5 days of culture) and UDP4 (352 muA; 6 
days of culture) were included only after microbial 
consortia activity for organic solid waste because 
they were not detected for solid organic waste. It 
can be observed that the most important activity 
of degradation in liquid cultures inoculated with 
microorganisms recovered from the liquid fraction 
of solid organic waste occurred in day 1. MP and 
PN are present in the culture for 3-5 days until 
they begin to degrade. UDP3 and UDP4 appear as 
a result of the advanced degradation of the MP.
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Figure 2. Variation in C/Cmax of the different compounds 
detected in the liquid culture obtained from the microbial 
consortia solid organic waste. Symbols: (■) MP, (●) PN,  

(Δ) UDP3, (O) UDP4, (◊) UDP5.
Source: the authors

For the liquid culture obtained from the micro-
bial consortia of agricultural soils mixture (Figure 
3) C/Cmax analysis showed that MP remained 
almost unchanged during the incubation; however, 
the PN that was initially present in the commercial 
product of MP was degraded after three days. It 
clearly shows the simultaneous degradation of PN, 
and how the MP remains unchanged during the 
time of cultivation.

The microbial consortium recovered in the 
liquid fraction of the organic solid waste showed 
a degradation of the MP activity that was higher 
than the ones obtained from the preselected agri-
cultural soils mixture. The degradation of both the 
MP and the PN that was observed in the cultures 
inoculated with the consortium obtained from 
organic solid waste (Figure2) suggests that the 
microbial consortia that was extracted from the 
aqueous phase of pre-cultivation of solid organic 
waste has a wide enzymatic range, which allows 
to efficiently degrade both compounds. There are 
several alternative explanations for the observed 
degradation capacity in the consortium that was 
recovered from solid organic waste. Microbial diver-
sity enables co-metabolic degradation processes [4]. 
However, the presence of microorganisms capable 
of carrying out simultaneous degradation of both 
compounds is also possible, as it has been reported 
by other authors [11].

The accumulation and subsequent degrada-
tion of the UDP3 was possibly submitted, as a 

result of the activation of enzymatic systems [10]. 
These results indicate that microbial consortia in 
the aqueous fraction that was obtained from the 
pre-culture liquid of the solid organic waste have 
the ability to degrade not only the MP and NP but 
also other MP degradation products, increasing 
the process efficiency and reducing the risk of ac-
cumulation of other toxic sub-products [25]. These 
results support the possibility of implementing this 
type of pre-cultures as an alternative to increase MP 
degradation in contaminated soils. This proposal 
is similar to the one reported to degrade PN using 
the sludge treatment plant waste water [26].

A direct correlation was found between the 
change in the concentration of MP and PN (con-
stant 1.83688 mg L-1 and 1.83684 mg L-1, respec-
tively) in the statistical analyses of MP degradation 
as a result of microbial activity of the consortia 
obtained from solid organic waste; however, no 
correlation was detected regarding the culture time 
for the MP or for the PN.

In the case of the consortia degradation activi-
ty recovered from the liquid fraction of agricultural 
soils, the most decisive factor was the lack of activ-
ity of the microorganisms on the MP (Figure 3), 
as well as the fact that its concentration remained 
unchanged during the 7 days of cultivation. The 
findings of these studies contrast the findings re-
ported by several authors who implemented the liq-
uid culture of solid substrates (such as agricultural 
soils) as a strategy for screening microorganisms 
with potential to degrade the pesticide [7, 12, 13]. 
These results show that this strategy is not always 
feasible, and that the active microorganisms in 
the degradation process can grow only if they are 
attached to the solid fraction, which consequently 
leads to the fact that they cannot be separated and 
isolated by means of liquid culture conventional 
techniques or direct isolation techniques using 
serial dilutions and subsequent dumped plating 
[7, 12, 13]. This study also showed that the micro-
organisms responsible for the degradation of the 
NP, the main known product of degradation of 
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the MP and other organophosphate [2, 18] are not 
necessarily the same microorganisms responsible 
for the MP degradation on the agricultural soils 
that remained attached to the solid matrix and 
failed to be available in the liquid fraction. These 
results show that the PN degradation capacity is not 
always associated to the MP as it has been reported 
by some authors who found a strong genetic linkage 
between opd genes (associated with the degradation 
of MP) and orf genes (associated with the degrada-
tion of PN) [27]. The results support the fact that 
recalcitrant organophosphate pesticides such as 
MP, mainly by phosphorus-ester bond and the 
aromatic ring structure, make the biodegradation 
process more difficult [2, 3, 10].
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Figure 3. Variation in C/Cmax of the different compounds 
detected in the liquid culture obtained from the microbial 
consortia of agricultural soils exposed to MP. Symbols:  

(■) MP; (•) PN.
Source: the authors

The comparative analysis of the compounds va-
riation performed in liquid cultures enriched with 
MP (Figure 4a) showed that the microorganisms 
that have a potential to degrade the MP could only 
be recovered in the liquid fraction of solid organic 
waste and not in the agricultural soils. The results 
of NP degradation (Figure 4b),as a result of micro-
bial activity in the liquid fraction obtained from 
both types of culture, showed a similar pattern, 
being slightly more efficient for the degradation in 
the initial stage PN consortia that were obtained 
from soil samples extracted from solid organic 
waste. According to the results, although the time 
for NP degradation is two times the amount time 
for MP degradation, the conversion of MP to NP 
is the crucial step to achieve detoxification.
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Figure 4. Variation of the concentration of MP (a) and NP 
(b) in liquid cultures inoculated with microbial consortia 
recovered from the liquid fraction from suspension pre-
cultures of soil agricultural (•) or solid organic waste (□).

Source: the authors

3 CONCLUSIONS

It is feasible to recover microorganisms that 
have a potential for degrading MP in the liquid 
phase of the pre-cultures of solid organic waste. The 
application of the liquid fractions obtained after 
a suspension culture of solid organic waste on the 
soils that have been contaminated with MP could 
be evaluated under farm conditions. It could be 
a good inexpensive alternative of bio-stimulation 
and bio-augmentation to increase the efficiency 
of native soil microorganisms and accelerate MP 
degradation. It is not feasible for agricultural soils 
under the pre-culture liquid conditions described 
here, which precludes this approach for screening 
and isolation.
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