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Abstract. After the Second World War, the use of pesticides, substances used to combat pests
that attack agricultural crops, became increasingly used because they helped increase
productivity over the years. However, their intense use turned out to be dangerous and offensive,
both to the environmentand to mankind. In an attempt to put an end to areas that have been used
pesticides in larger quantities than indicated, studies tend to the use of decomposing agents, such
as bacteria and fungi, which have the enzymatic capacity of remediation, helping to remove or
detoxify some pesticides. Among bacteria, the major bacterial genera include: Bacillus,
Pseudomonas, Flavobacterium, Moraxalla, Acinetobacter, Arthrobacter, Paracoccus, Aerobacter,
Alkaligens, Burkholderia and Sphingomonas. Fungi include the genera Fusarium, Aspergilus
niger, Penicillium, Lentinulaedodes, Lecanicillium and Oxysporum. Along with this, we can use
the bioremediation in flooded crops that contributes effectively so that this production system
does not contaminate soil and water resources. The studies on the use of microorganisms such
as bacteria, fungiand acidiomicrtos have been developed since the last century and currently has
already been established the bioremediation of intoxicated areas with efficient pesticides and
efficient molecules, such as: pesticides 2,4-D, parathion, carbofuran, phenol, benzene, toluene,

xylene and others.
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1. Introduction

The vertiginous increase in world population and the
blind quest for development have led man to seek
more space and take more and more resources from
nature. In recent decades, this population increase
has generated a growing demand for food and caused
impacts on the environment that are difficult to
quantify. As one of the observable consequences, in
agricultural production, the use of pesticides has
become more and more frequent in the world.

Pesticides are organic chemical purposely
presumably intended for increasing agricultural
yield, soil productivity, products quality, minimizing
losses of agricultural products caused by crop peet
and to control the insectvectors for prevention of the
outbreak of human and animal epidemics. Increased
use of the pesticide and herbicides in agriculture has
also been implemented for food storage. Recently,
over 500 compounds are registered and used
worldwide as pesticides or metabolites of pesticides.
As per definition of ideal pesticide, a pesticide must
be lethal to the targeted pests, but not to non-target
species, including man but unfortunately, this is not
so, hence the controversy of use and abuse of

pesticides has came into the light. However, due to
their unplanned and indiscriminate use, only 10% of
applied pesticides reach the target organism and the
remaining high percentage of itis deposited on non
target areas such as soil, water, sediments and causes
serious environmental pollution. Similarly they also
causes impacts onto non target organism such as
wild life, besides affecting public health. There are
now overwhelming evidence of some of these
chemicals that cause unwanted side effects to the
environmentand do pose potential risk humans and
other life forms. (-3):

The fate of pesticides in the environment is
determined by both biotic and abiotic factors.
Pesticides are degraded in the environment
principally by the action of microorganisms, a
process termed biodegradation, where
iodegradation is defined as the breakdown of a
substance to smaller products caused by
microorganisms or their enzymes. 4

To predict the fate of pesticides in soils itis important
to have an understanding of those microbes able to
degrade pesticides, their activities and the factors
that limittheir activity in situ. Microbial metabolism
of pesticides has been reviewed extensively 5.
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This review aims to gather data on the efficiency of
bacteria and fungi in the decomposition of pesticides
based on results of recent research related to this
topic for comparison of results.

Metodology

I conducted a literature search using online
platforms to survey studies conducted with . I used
Google Scholar, ISI Web of Knowledge, and Scopus
databases using the keywords “Pesticides”,
“bacteria”, “fungi”, “biodegradation”,
“bioremediation”. in the title, abstract, keywords,
and/or text. Since many studies in Brazil were
published in Portuguese, we selected articles in both
English and Portuguese.

Main Strategy For Pesticide
Remediation

Bioremediation

Bioremediation is an innovative technology that is
frequently being used for the clean-up of polluted
sites. This technology is costeffective and becoming
na increasingly attractive clean-up technology. The
solid sludge, soil, and sediment as well as
groundwater pollution can be treated by
bioremediation. The rate of the natural microbial
degradation of contaminants is enhanced by
bioremediation. This enhancement is carried out by
supplementing these  microorganisms with
nutrients, carbon sources or electron donors. The
process can be carried out by using indigenous
microorganisms or by adding an enriched culture of
microorganisms. Microbes utilize their inherent
specific characteristics to degrade desired
contaminant at a quicker rate. The result of
bioremediation is the complete mineralization of
contaminants to H20 and CO2 without the build-up
of intermediates. For effective bioremediation,
microorganisms must enzymaticaly attack the
pollutants and convert them to less toxic products.
An effective bioremediation can be achieved only
where environmental conditions permit microbial
growth and activity; its application often involves the
manipulation of environmental conditions to allow
microbial growth and degradation to proceed at a
faster rate.6”) Bioremediation processes can be
broadly classified into two categories, ex situ and in
situ. The ex situ bioremediation technologies
involves the use of bioreactors, biofilters, land
farming and some composting methods whereas in
situincludes biostimulation, bioventing, biosparging
liquid delivery systems and some composting
methods. The low cost and its effectiveness are the
mostpositive parts of this technology.

Microorganismsin the
degradation of pesticides.

Regarding the diversity of microorganisms in the

soil, about 160,000 species are known and described
in the literature. Each year, an average of 1,700 and
120 new species of fungi and bacteria, respectively,
are described in the literature. Estimates, considered
by some as conservative, point to a total of around
1.8 million species.8 However, perhaps less than 0.1
to 10% of microbial species, depending on the
habitat studied, have been discovered and named so
far.8

There are various sources of microorganisms having
the ability to degrade pesticides. Generally,
microorganisms that have been identified as
pesticide degraders have been isolated from a wide
variety of pesticide contaminated sites. The soil is the
medium that mostly gets these chemicals, when they
are applied to agricultural crops; additionally, the
pesticide industry's effluent, sewage sludge,
activated sludge, wastewater, natural waters,
sediments, areas surrounding the manufacture of
pesticides are also rich source of pesticide degrader.
In different laboratories around the world, presently
there are collections of microorganisms identified
and characterized for their pesticides degradation
ability. The isolation and characterization of
pesticides degrading microorganisms that is able to
give the possibility to count with new tools to restore
polluted environments or to treat wastes before the
final disposition. Upon complete biodegradation of
the pesticide, the carbon dioxide and water are
formed by the oxidation of the parent compound and
this process provides the energy to the microbes for
their metabolism. The intracellular or extracellular
enzymes of the microbes play major role in the
degradation of chemical compounds.

In several countries, the main genera of bacteria
isolated from rice-growing areas are: Arthrobacter,
Baccillus, Clostridium, Flavobacterium, Micrococcus,
Mycobacterium and Pseudomonas® In a typical
eutrophic hydromorphic PLANOSSOLO cultivated
with flood irrigated rice in the Lowlands
Experimental Station (ETB) of Embrapa Clima
Temperado, Mattos and Thomas (1996) identified a
degrading bacterium of the herbicide clomazone:
Pseudomonas fluorencens (Figure 1). Also at ETB,
fungi isolated from samples of flooded rice straw
collected from plots desiccated with glyphosate
herbicide were identified as glyphosate degrading
bacteria:  Nigrospora sphaerica, Cochliobolus
heterostrophus, Fusarium anthophilum and Micelia
sterilia (Figure 2).10
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Figure 1. Pseudomonas fluorencens, a degrading



bacterium of the herbicide clomazone.
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Figure 2. Plating of glyphosate herbicide degrading
fungi: Nigrospora sphaerica (A), Cochliobolus
heterostrophus (B), Fusarium anthophilum (C) and
Micelia sterilia (D).

In upland conditions, bacteria and fungi are
considered to be primarily responsible for the
transformations of pesticides in soils. In flooded
soils, fungi are involved but are probably the less
important than microalgae which have a significant
task-?

Microbial diversity, present in soils of irrigated rice
fields, contributes effectively to this production
system does not contaminate soil and water
resources. In the rhizosphere of irrigated rice plants,
there are microorganisms (bacteria, fungi and
actinomycetes) that, through their exudates, form
biofilms that act as a filter where pesticide residues
are degraded. It has been found that, in the
rhizosphere, microbiological degradative processes
operate more rapidly than chemical ones. Thus,
degradation is modelled in the root zone primarily as
abiological process.In the subsoil zone, or on the soil
surface, chemical degradation pathways are more
important. 11

When a comparisonis made between the stability of
pesticides in flooded and non-flooded soils, a greater
persistence is observed in non-flooded soils than in
flooded ones. This behaviour is due to the
relationship between soil redox potential (Eh) and
pesticide degradation.

The review by KAUFMAN; KEARNEY (1970) lists 42
species of bacteria and fungi degrading simazine (6-
chloro-N,N'-diethyl-1,3,5-triazine-2,4-diamine),
atrazine [6-chloro-N-ethyl-N'-(1-methylethyl)-1,3,5-
triazine-2,4-diamine] and ten other herbicides.
Species from 16 genera of bacteria, two of
actinomycetes and eight of fungi can be tabulated for
their ability to degrade 20 of the most commonly
used herbicides.2(Tab 1).

Tab. 1 - Pesticide-degrading microorganisms isolated
from rice fields.

microorganisms Pesticide

MCPA-2,4,D-2,4,5T-
Dalapon - TCA

Achromobacter spp.
Agrobacterium sp.

Alcaligenes sp. Dalapon

Arthrobacter 2,4,D

lobiformi
globiformis MCPA-2,4D-Dalapon-

Arthrobacter spp.

TCA- Endothall

Allyl Alcohol
Crynebacterium sp. 2,4,5,T

Azotobacter sp.

Brevibacterium sp.

Flavobacterium spp. MCPA - 2,4,D - PCP

Micrococcussp. MCPA - 2,4,D - Dalapon
Mycoplanasp. Dalapon

Pseudomonas putida MCPA- 2,4,D -2,4,5,T

P. dehalogenans Allyl Alcohol

P. cruciviae Dalapon - TCA -

2,4,D -2,4,5,T - PCP
MCPA-2,4,D-Dalapon-

Pseudomonas spp

Sporocytophaga TCA-.PCP
congregata 24D
Nocardia spp. 2,4D-MCPB-Dapalon-
Streptomyces spp TCA- Allyl Alcohol 2,4D
4 ' - Dalapon
Aspergillusniger MCPA- 2,4,D - MCPB
Aspergillussp. Dalapon PCP
Cephaloasca fragrans Dichlobenil Dichlobenil
Fusarium sp. Dalapon - PCP-
Geotrichumsp. Dichlobenil Dalapon -
Penicillium spp. TCA

Trichoderma viride PCP - Dichlobenil - Allyl

Trichoderma spp. Alcohol

Fonte: Brown (1978)

The pesticides 2,4-D, paraethion and carbofuran have
been extensively studied with respect to degradation
by microorganisms. Degrading bacterial accessions of
these pesticides have been isolated, and the
responsible genes have been cloned and sequenced.
The most studied degrading accessions for 2,4-D are
Alcaligenes eutrophus JIMP134; for paration, they are
Flavobacterium sp. ATCC 27551 and Pseudomonas
diminuta MG, and, for carbofuran, Pseudomonas spp.,
Bacillus sp., Artrobacter spp., Micrococcus sp.,
Azospirullum lipoferum and Streptomyces spp.!3 The
author highlights that Flavobacterium sp. access MS2d,
isolated fromsoil, also exhibited ability to degrade the
insecticide carbofuran.

Bacteria of the genus Pseudomonas have the ability to
utilise a large number of complex and rare organic
compounds as a source of carbon and energy.



Moreover, Pseudomonas are capable of developing
new metabolic activities in response to changes in
environmental conditions.** As an example, carbofuran
degrading Pseudomonas species accumulate
polyhydroxybutyrate (PHB) from the use of sucrose as a
substrate.

The degradation of clomazone herbicide by a species of
Pseudomonas may initially indicate that other
components of the microbial population may also
degrade this herbicide. This approach highlights the
importance of maintaining microbial diversity in soils,
as a way to preservethis natural resource, allowing the
exploration of an economically and environmentally
sustainable agriculture.

Some isolated bacteria capable of degrading atrazine
have been classified as facultative anaerobes 6 that can
reduce nitrate. The degradation rate of atrazine is
slower underlow oxygen conditions than under aerobic
conditionsin estuarine and wetland sediments. 1’

Regarding the spectrum of microorganisms, itis not an
exaggeration to state that most xenobiotics can be
metabolized - although, in different degrees - under
appropriate conditions as long as, naturally, the
compound is not lethally toxic. Howe ver, normally toxic
compounds such as carbon monoxide, cyanide, toluene
and fluoroacetate can be metabolised by bacteria.!®

Fungi stand out in the biological treatment of oil
refinery effluents due to their enzymatic capacity to
degrade long-chain polycyclicaromatic compounds into
compounds that can be assimilated by their
metabolism. The phenolic compounds presentin these
waters are potentially toxic to some aquatic species and
may also alter, even at low concentrations, the taste
and odour in the chlorination treatment process of
water supplies.’® The great plasticity of this group
allows them to survive and grow in conditions
practically impossible for otherbeings seem capable of
utilising recalcitrant compounds using them as an
energy source.?922|n these conditions, 222 suggested
that for an intensification of the fungal activation,
glucose should be added as primary substrate.
However, Santella et al., (2009), pointed out that it
should only be added for the start-up of the reactors,
facilitating the initial fungal growth. 2° ,added that to
further optimise removal efficiency is the use of
immobilised cellsin the course of the process.

The filamentous fungi were presented by 3° as more
effective in the production of extracellular oxidative
enzymes (ligninases, proteases, cellulases, among
others). The A. niger, working in an optimum range of
pH between 3.0 and 4.0%2 stood out among the
filamentous fungi for the proven capacity of
degradation of recalcitrant compounds of diverse
industries (breweries, cashew nuts, pharmaceutical,

petroleum refineries, degradation of paration in water.
(24-27)

The A. niger species has a great performance in the
removal of COD, as well as in the degradation of
recalcitrant composts such as atrazine, methyl paration

as well as other organophosphorus pesticides.?42627
Studying four batch reactors with the objective of
evaluating the potential of degradation of atrazine ina
mixed culture of anaerobic microorganisms,?,
observed that the best result occurred in the reactor
where atrazine was employed as the only source of
carbon and nitrogen, with a percentage of
mineralization of 43 to 45% of the pesticide with a DTH
of 5 days.

5. Conclusion

Pesticides are compounds widely used in agriculture,
and they are increasingly developed and specific in
order to combat weeds, pests and plant diseases
present in major crops. However, their continuous
and increasing use may cause impact on the
environment, both in soil and water regions. These
natural resources are being compromised by the
intense disposal of these pesticides and their misuse.
Aiming to recover areas that have been
contaminated, several research are being developed
in an attempt to use decomposing agents, such as
fungi and bacteria, in remediation. Bioremediation
has proved to be a valid process, as it has the
potential to reduce certain compounds that are
contaminants.

The bacteria have a greater number of species for the
decomposition of simple pesticides and the fungi,
evenifinsmaller quantities, are extremely important
because they have the ability to degrade
contaminating compounds oflarge chains and broad
spectrum of compounds.

Thus, it is valid the indication of bioremediation
using bacteria and fungi for the detoxification of
areas with higher number of deposited pesticides.
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