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ABSTRACT

This work assessed the bioremediation of herbivielpar K®, in vitro in aqueous solution, used against weieds
sugar cane in Sdo Paulo state. The herbicide copthiHexazinone and Diuron. It was used the miaftob
inoculant denominated Effective Microorganisms (EMpool of microorganisms from soil that containedtic
and photosynthetic bacteria, fungi, yeasts andnactiycetes for bioremediation. Results for the depttultivation
on agar-agar inoculated with EM-4 showed the micgamisms growth in the concentrations between Oza2fb
1.0% of the Velpar Kin the gel. The analysis of high performance ligehromatography (HPLC) showed that the
EM-4 was effective for the bioremediation of thebfede, which reached the values of 80% for diuamd 70% for
hexazinone after 21 days in solution of 2:1 of Wel§®/EM-4 ratio. These results could be useful for piag the
bioremediation of contaminated areas with Velp&r K

Key words: Velpar K®, herbicide, bioremediation, effectivécnoorganisms

INTRODUCTION The natural environment can be modified or
benefitted with different objectives, including the
Fertilizers and pesticides are used with the maiapplication for microbial bioremediation of
objective  of increasing the agricultural impacted areas (Silva et al. 1999). With the
productivity, although most of them are substancegomplexity of the environment where the
that cause environmental and public healtttontamination occurs as well as bioremediation,
damages. The natural degradation process of sueliniich is  dependent on interdisciplinary
substances in the environment and theigpproaches (involving the areas of chemistry,
elimination is called bioremediation. This methodmicrobiology, biochemistry, engineering, ecology,
has mainly applications in contaminatedgeology and others), the bioremediation
environments such as water, soil, sediments frofi@chnology can be applied as a treatniersitu or
the rivers, lakes and oceans. During the lastx situ of contamination (Melo et al. 1999).
decades, there has been considerabfeeveral studies have been performed to minimize,
developments on the use of microorganisms tteduce or even eliminate the presence of toxic
promote biodegradation and bioremediatiormaterials into the environment, such as the
(Boopathy 2001). biodegradation of organochlorine, carbamates and
organophosphates. The bioremediation process of
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organic matter is based on the metabolic activitgreater risks for contamination of groundwater
of heterotrophic aerobic and anaerobiqGomes et al. 2001). For this reason, there is
microorganisms, and is affected by a large numbeénterest in monitoring of contamination in
of physical and chemical factors, which includegroundwater by these herbicides. Hexazinone
energy sources (electron donors), electropresent in this herbicide should be removed after
recipients, nutrients, pH, temperature angerforming its role when present in excess. This is
metabolic inhibitors (Seabra 2008).done often through the microbial route, which
Bioremediation is a strategy or process that usefepends on the dynamic equilibrium of microbial
microorganisms or their enzymes to detoxify thgopulation. This can be altered by the changes in
contaminants to acceptable levels of pollutants ienvironmental conditions such as the pesticides
the environment through the transformation of theddition or other biologically active substances
contaminant into harmless forms (Tapajés 2008)Silva 1996).

Therefore, biodegradation is based on thd&here are several studies on the use of
microbial degradation processes and chemicactinomycetes, fungi, bacteria and yeast in an
processes combined with engineering, which isdividual or consortium for the bioremediation of
able to maximize the transformation of organigesticides in the soil for the purpose of reduang
contaminants from the environment (Moreira et aleliminating their dangerous products (Gaylarde
2002). Between the bacteria and fungi described &905). The use of EM-4 promoted the practice of
efficient decomposers, there are those belonging twatural agriculture (Okuda et al. 1999). The aim of
the genera: Azospirillum, Pseudomonas, this work was to assess the bioremediation of
Alcaligenes, Enterobacter, Proteus, KlebsiellaVelpar K in agueous solution using EM-4, and to
Serratia. Bacillus, Arthrobacter, Nocardia, analyze by HPLC its active principles without
Streptomyces, Mucor, Fusarium, Chaetomiumbiodegradation.

and Phanerochaete Trametes

Several chemicals can be biologically treated

successfully, such as crude oil, oil derived fram o MATERIAL AND METHODS

refining and cracking as gasoline, benzene, xylene,

toluene, ethylbenzene, diesel oil, kerosene, woogghoculant EM-4 is a mixed culture of many species
preservatives, solvents, various urban sewagsf bacteria and leavenings, whose development is
sludge or industrial, and other biogenic orcarried out preferably in molasses from diluted
xenobiotic compounds. Among the xenobioticssugar cane. The diuron and hexazinone standards
the insecticides and herbicides are substances wére purchased from Aldrich. VelpaKDu Pont
widespread use in agriculture, and are classifieBrazil 1989) was obtained from a local agricultural
according to chemical structure, but the mosstore.

common method is that one implemented

according to action and biological species reachedzrowth of EM-4 in Velpar K® as the only

In Brazil, large amounts of Velpar®l<herbicide iS  carbon source

used in sugar cane cultures. This herbicide ia sample of 1.0mL of the EM-4 (5xi@ells/mL),
selective in controlling the pre- and post-previously activated with molasses was plated
germination of weeds that have broad leaves. Thesing the inoculation technique by depth (pour
product operates in the photosynthesis inhibitionplate) in triplicate. Then 15-20 mL of solid agar
and it is commercialized in the form of granulesvelpar-K® were poured into sterile Petri dishes,
which are soluble in water. Its active ingredientgreviously melted at 45°C, containing 2% agar
belong to the groups of substituted urea an@Merck® and variable concentrations of Velpa? K
triazinones, whose IUPAC names are: 3 - (3,4 (0.0, 0.2, 0.8 and 1.0% ,v/v) and cooled. The Petri
(dichlorophenyl) -1,1-dimethylurea or diuron, dishes were maintained at 30 %Clfor seven days
containing 53.3% and 3-cyclohexyl- in order to check the microorganisms growth by
6(dimethylamine)-1methyl-1,3,5, triazine-2, 4counting the colony forming units (CFU) with a
(1H, 3H) dione or hexazinone, containing 6.7%colony counter (Phoenix - model EC 589).

and the remaining 40% of inert ingredients (DU

PONT BRASIL 1989). Because of high Quantification by HPLC of VelparK®
solubilization, the diuron and hexazinone preserftor this, Shimadzu C-R4A chromatograph,
great risks since they are easily leached and offebupled to LC 9A pump and UV detector (SPD - 6
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HS) at 254 nm, SCC-6B controller, with columnQuantification of bioremediation

HP - C 18 to 20 cm in length and internal diametefThe in vitro bioremediation in aqueous solution
of 4.6 mm and a particle size of 10 um was useavas performed in 500 mL Erlenmeyer flasks
The flow rate was 1mL/min, using 55% (v/v) containing 200 mL of solution, in which EM-4

acetonitrile diluted in Milli-Q water as mobile (500 cells/mL) was added in the solution of Velpar

phase. K® (6.25g/L) as the protocol of Table 1 under
agitation of 100 rpm. During 21 days, samples of
Standard curve of hexazinone and diuron 10 mL were taken as shown in Table 1, which

A standard curve was built up using 20 of the  were analyzed by HPLC after dilution between 25
hexazinone and diuron standards solutions at 0.&nd 100 times with Milli-Q water.

1.0, 1.5, 2.0, 2.5 and 3.0 mg/mL concentrations

using HPLC.

Table 1 - Proportions and dilution factor of aqueous dohg of K VelpaP(6.25g/L):EM-4(1:1000), for
quantification by HPLC of the bioremediation of qumands diuron and hexazinone. (Volume total =200mL)

Ratio A B C D E

Velpar K®/EM-4 1/0 1/1 2/1 9/1 0/1
Dilution factor 1.0 2.0 1.5 1.1 1.0
RESULTS AND DISCUSSION and carbon by the EM-4 microorganisms, as

shown in Table 2.
Biodegradation of Velpar K® by EM-4
The counting of colony forming unit per milliliter Standardization curve of the HPLC of diuron
(CFU/mL) in plates A, B, C and D after the 5thand hexazinone.
day of cultivation showed significant increase inA calibration curve was made analysing (@0 of
the number of cells present for all concentrationsolutions of the standards of diuron and
used with Velpar R, compared to the control hexazinone at 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg/mL
(agar:EM-4) of the plate (a). This indicated thaconcentrations by (HPLC. Results are shown in
Velpar K® was used as the only source of energy able 3.

Table 2 - Quantification of colony forming units per miiler (CFU/mL) the EM-4 growth with or without the
Velpar K® presence.

Sample CFU/mL
Agar : EM-4 23x10+0.4 x 10
Agar:EM-4:Velpar® 1.4x10+0.2 x 10

Table 3 - Areas of the diuron and hexazinone chromatograméch indicated the concentrations curve of the
standards by HPLC.

Area Unit (cm?)

Concentration (mg/L)

Diuron Hexazinone
0.5 46235 24791
1.0 87684 46663
15 132988 70571
2.0 185304 99040
25 219082 117082
3.0 267390 142817
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The method of linear regression was applied fonexazinone in the aqueous solution of Velp&r K
the equation of the straight calibration standafds Figures 2 and 3 show the bioremediation dynamics
diuron and hexazinone, indicating a correlatiorwith EM-4 (500 cells/mL) of the Velpar active
between the concentrations injected, as shown principles during 21 days. The bioremediation for
Figure 1. The values of the factor of linearthe ratio of the Velpar & EM-4 solution from 2:1
regression (R-diuron = 0.99903, and R-hexazinonia the first three days reached 42% for diuron and
= 0.99895) allowed to quantify the diuron and29% for hexazinone.

Standard Calibration

30 Diuron HPLC
A= 1218,66
25 B= 88702
R=0,99903
20 SD= 4089,09
? 4 Diuron
%:O_ 15 W Hexaginone
g x
< 10 Hexazinone
A=508,4
< B= 47420,34
R=0,99895
o SD=2269,63
0,0 0,5 1,0 1,5 2,0 25 3,0 35

Coneentration {mg L)

Figure 1 - HPLC calibration curve of standard solutionglfron and hexazinone.
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Figure 2 - Bioremediation of diuron by EM-4 during 21 dat25C.
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Figure 3 - Bioremediation of hexazinone by EM-4 during Ziysl at 28C.
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hexazinone could be bioremediated, and that the!S. Degradation of 14C — Diuron bjcinetobacter
proportion of the EM-4 had an influence on the and soil microbiota. In Biodegradation. Ed. 1.S.Mel

kinetics of bioremediation. The application of EM- C:M-M.S.Silva; S.Scramin e A. Spessotmbrapa
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