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ABSTRACT

Degradation of a pesticide, malathion, in soil by Ba-
cillus sp has been reported during current study. A
simple and highly sensitive reverse phase HPLC-UV
(High pressure liquid chromatography-Ultraviolet)
method was used for determination of malathion de-
gradation in soil. The bioremediation of was perform-
ed in malathion contaminated sterile and nonsterile
soil and it was found that 84.81% and 74.11% of mal-
aoxon, respectively, from malathion concentration of
1.5% kg ™' soil was degraded by strain PU after 7 days.
Similarly, 63.31% and 57.14% of malaoxon in sterile
and nonsterile soil respectively, from malathion concen-
tration of 1.5% kg ' soil was degraded by strain KB2
after 7 days. Bioremediation of malathion in soil using
strain KB1 have already discussed in the previous study
(Singh et al., 2012). Regardless of soil sterilization,
incorporation of bacterial strain in malathion con-
taining soil resulted in higher level of degradation of
malathion. Bioremediation of malathion in soil was
maximum for mixed culture of all three strains.
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1. INTRODUCTION

Malathion [S-(1,2-dicarbethoxyethyl)-O,0-dimethyldithio-
phosphate], also known as carbophos, maldison and mer-
captothion is a nonsystemic, wide-spectrum organopho-
sphorus pesticide used in public health, residential, and
agricultural settings [1]. Malathion is suited for the control
of sucking and chewing insects of fruits and vegetables,
mosquitoes, flies, household insects, animal parasites
(ectoparasites), and head and body lice. Malathion is
used in veterinary medicine [2] and also as an anti-infec-
tive agent [3] to control insect vector-borne diseases such
as malaria, dengue and yellow fever. Organochlorine
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pesticides are banned in many countries including India
therefore organophosphate pesticides including mala-
thion are largely used for public health and agricultural
purposes. Malathion comes in two forms: a pure form of a
colorless liquid and a technical-grade solution (brow-
nish-yellow liquid, commonly used in agricultural). Tech-
nical-grade malathion (may contain up to 11 impurities
formed during its production and/or storage, some of
these impurities, such as isomalathion, have been found
to be significantly more toxic than malathion [4]. Mala-
oxon is an oxygen analogue of malathion which can be
found either as an impurity in malathion, or generated
during the oxidation of malathion in water, air or soil [1,
5,6]. Malaoxon is 60 times more toxic than malathion but
it degrades quickly than malathion

(http://www.bionity.com/en/encyclopedia/Malathion.htm
). Malathion was recognized as the first organophos-
phorous insecticide with highly selective [1,6-8]. Main
target of malathion toxicity in animals is nervous system
thus indirectly affecting other organs and their functions.
Malathion irreversibly inactivates acetylcholinesterase
(AChE) enzyme that breaks down acetylcholine, a che-
mical essential in transmitting nerve impulses across junc-
tions between nerves [5]. Malathion degrading bacterial
isolates have already been reported [1,6,7,9,10]. Fungi,
Penicillium rotatum and Aspergillus niger, metabolized
76% and 59% of the malathion in the medium within 10
days through carboxylesteratic hydrolysis as well as by a
demethylation process. Two species of rhizobium, R.
leguminnosaru, R. trifolii, were isolated from the Egyp-
tian soil that showed high carboxyesterase activity in the
presence of malathion [11,12]. It was reported that het-
erogencous bacterial population (Flavobacterium men-
ingosepticum, Xanthomonas sp, Comamonas terrigeri,
and Pseudomonas cepacia) obtained from river water are
capable of degrading malathion [13]. The major metabo-
lite was f-malathion monoacid with only 1% of the mala-
thion was transformed to malathion dicarboxylic acid,
0,0-dimethyl phosphorodithioic acid, and diethyl male-
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ate. [14] observed that Pseudomonas aeruginosa AA112
is able to use malathion as a sole carbon source with the
formation of diethylsuccinate and succinate metabolites.
It has been found enzyme carboxylesterase from micro-
bes is responsible for degradation of malathion [1,7]. De-
gradation products observed in the study were malathion
monocarboxylic acid and malathion dicarboxylic acid.
Malathion degrades rapidly in soil, with reported half-
lives in soil ranging from few hours to approximately 1
week [15-17]. [18] reported a range of half-life values of
<1 - 6 days for malathion and 3 - 7 days for malaoxon in
soil. [17] reported that initial degradation of malathion in
sterile soils than in an inoculated aqueous system in
which malathion did not undergo biodegradation until
after a 7-day lag period, indicating that actual biodegra-
dation of the compound requires acclimation by the mi-
crobial population. Degradation of malathion in soil is
directly related to the adsorption of the compound to the
soil surfaces, which serves to catalyze the degradation
process and allows for almost immediate degradation of
the compound [15,17].This paper is in continuation with
our previous study [1], where we have characterized
three bacterial isolates Lysinibacillus sp strain KBI1 [1]
and Bacillus cereus strain PU, Brevibacillus sp strain
KB2 [1] for malathion degradation. All three stains, KB1,
KB2 and PU were able to degrade malathion effectively
in liquid culture. PCR amplification and full sequence
analysis of carboxylesterase gene were done in previous
study [1,6].

2. MATERIALS AND METHODS
2.1. Soil Characteristics

The soil sample was collected from at depth 0 - 20 cm
from Botanical garden Panjab University, Chandigarh,
India. Soil samples (50 g) were taken in a clean pre-
weighed 150 mL beaker and kept in an oven at 105°C +
3°C for 24 h. Difference in the weight of beaker and soil
before and after heating was recorded to calculate moi-
sture content. Soil samples (20 g) were taken in a clean
dry 150 mL beaker and 50 mL distilled water was added.
The contents were thoroughly mixed by vortexing and
pH of the soil suspension was measured with a digital pH
meter.

2.2. Calcium Carbonate Determination

Calcium carbonate determination is soil sample was per-
formed using method as follows adding 10 mL of 1 N
HCI solution to one gram of air dry soil in 250 mL flask..
The mixture was kept for overnight at 40°C - 50°C. 70
mL of deionised H,O along with 2 - 3 drops of phenol-
phthalein indicator (0.5 g phenolphthalein in 100 mL
ethanol) was added and titration was done with 1 N NaCl
solution until slight pink color developed.
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Percent Calcium carbonate was calculated using fol-
lowing equation;

% CaCO; = [(10 XNpc1) — (R X Nygom)] X 100/Wt

where: Ny = Normality of HCI solution

R = Volume of NaOH solution used (mL)
Nnaon = Normality of NaOH solution
Wt. = weight of air-dry soil (g)

2.3. Determination of Organic Matter

Oraganic matter was determined by when 1 g of air dry
soil was added 10 mL of 1 N potassium dichromate solu-
tion was added followed by addition 20 mL of concen-
trated sulphuric acid and swirled the beaker to mix the
suspension. Solution was left undisturbed stand for 30
minutes and 200 mL deionised water and 10 mL concen-
trated orthophosphoric acid was added. Added 12 drops
of diphenylamine indicator (1 g diphenylamine in 100
mL concentrated sulfuric acid) with continous stirring on
magnetic stirrer and finally mixture was titrated with 0.5
M ferrous ammonium sulphate until color changes from
violet-blue to green. Blanks solution was prepared that
contained all reagents but no soil.
% Organic matter in soil was calculated using follow-
ing equation:
M = 10/Vipjank
% Oxidizable Organic Carbon (w/w)
= [Vblank'Vsample] x 0.3 x M/Wt
% Total Organic Carbon (w/w)
= 1.334% Oxidizable Organic Carbon
% Organic Matter (w/w)

=1.724 x % Total Organic Carbon
where:

M = Molarity of ferrous ammonium sulfate solution
Vilank = Volume of ferrous ammonium sulfate
solution required to titrate the blank (mL)
Vampte = Volume of ferrous ammonium sulfate
solution required to titrate the sample (mL)
Wt. = Weight of air-dry soil (g)
0.3=3x10"x 100

where 3 is the equivalent weight of C.

2.4. Soil Pre-Treatment

Soil pre-treatment included sieving to select a particle
size lower than 0.5 mm and air-drying. The larger soil
particles were removed to attain soil homogeneity. The
drying was performed to facilitate subsequent grinding
and to increase contact between the soil and the organic
solvent used for extraction. Drying at elevated tempera-
tures was avoided since this can result in losses of vola-
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tile compounds. Prior to its use, soil was autoclaved (121°C
for 40 min).

2.5. Media and Inoculums Preparation

A selective minimal salt medium (M1) was prepared
containing 0.05% malathion as a sole source of carbon in
addition to NH4Cl (0.05%), Na,HPO4-2H,0O (0.64%),
KH,PO,4(0.025%), MgSO,-7H,0 (0.02%), NaCl (0.05%),
in 100mL of distilled water. Malathion solution was ster-
ilized by filtration (0.4 pm) and added to autoclaved me-
dia after cooling. Bacterial strains KB1, KB2 and PU,
growing in LB medium for 12 h, were centrifuged at
5000 g for 10 min, and the cell pellets were washed twice
with fresh M1. After the optical density at 600 nm (ODyg)
had been adjusted to 1.0, an inoculum (2%, vol-vol ') was
inoculated into soil for bioremediation studies.

2.6. Degradation of Malathion in Soil

Subsamples of fresh soil and sterile soil were weighed,
and solution of malathion was mixed to obtain a final
concentration of 1.5% kg ' soil. Malathion fresh sterile
soil was inoculated both separately with strains PU, and
KB2 and mixed culture (approximately 10° cells'g™' of
soil). The inoculum (2%) was thoroughly mixed with
soils under sterile conditions, and the moisture was ad-
justed to 35% (w-w ' of dry weight of soil). Uninocu-
lated soil was used as control. Each soil microcosm was
incubated at 30°C in the dark. After 7 days, the soil samples
were collected (20 g samples in Erlenmeyer flask) and 50
mL of methanol was added and shaken on a horizontal
shaker for 10 min. The contents of the flask were allow-
ed to settle down and the supernatant phase was filtered
through Whatman No. 1 filter paper. The filtrate was
then concentrated by evaporating the solvent on a rotary
vaccum evaporator at 30°C. The concentration of mala-
thion was detected using reverse phase HPLC [1,6]. All
experiments were conducted in triplicates.

3. RESULTS AND DISCUSSION
3.1. Characteristics of Soil

The pH and moisture content of soil sample collected
from botanical garden in the campus of Panjab Univer-
sity was found to be 5.8% and 30.45% respectively (Ta-
ble 1). Calcium carbonate: inorganic carbonate, either as
calcium (calcite) or magnesium (dolomite) carbonate or
mixtures of both, occurs in soil as results of weathering,
or is inherited from parent material. A given weight of
soil is reacted with an excess of acid and in this reaction
CO; gas is released and the acid not used in the dissolu-
tion of carbonates is back-titrated with sodium hydroxide
solution. In the titrimetric method, two equivalent of acid
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Table 1. Characteristics of soil used in this study.

Parameters Results
pH 5.8
Moisture 30.45%
Calcium carbonate 18%
Organic matter 5.3%

is assumed to be equivalent to one half mole of CaCO;.
Calcium carbonate in the soil sample was found to be
18%.

3.2. Organic Matter

Soil organic matter represents the remains of roots, plant
material, soil organisms in various stages of decomposi-
tion and synthesis, and is variable in composition. Though
occurring in relatively small amounts in soils, organic
matter has a major influence on soil aggregation, nutrient
reserve and its availability, moisture retention and bio-
logical activity. Organic matter in the soil sample was
found to be 5.3%.

3.3. Bioremediation of Malathion Contaminated
Soil

Only 7.11% of the initially added 0.15% of malathion
was degraded in un-inoculated sterilized soil after 7 days
(Figure 1(a)). However, after inoculation the sterilized
soil with strain PU, the degradation of malathion in-
creased to 70% during the same period. In fresh soil
samples with and without inoculation, the degradation of
malaoxon was 77.7% and 17.8% after 7 days respec-
tively. In our recent study (Singh et al., 2012), we have
reported that after inoculation of sterilized soil with
strain KB1, the transformation of malathion increased to
68% during the same period (7 days). In fresh soil sam-
ples with and without inoculation, the degradation of
malaoxon was 78 and 18% after 7 days, respectively.
After inoculation the sterized soil with strain KB2, the
degradation of malathion increased to 54% after 7 days
of incubation (Figure 1(b)). In fresh soil samples, the
degradation of malaoxon was increased to 61%. Simi-
larly, after inoculation the sterized soil with all three
strains, the degradation of malathion increased to 80%
after 7 days of incubation (Figure 1(c)). In fresh soil
samples, the degradation of malaoxon was increased to
87%. Although degradation efficiency of strain PU was
more as compared to other two strains yet experiments
with bioremediation of soil showed that mixed cultures
of all three strains has capabilities to degrade malathion
more efficiently. Therefore bioaugmentation with mixed
culture would be a promising strategy to clean up malathion
contaminated sites. Bioremediation of malathion in soil
using all three strains separately and mixed together were
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Figure 1. Degradation of malaoxon in varied soil by (a) strain
PU; (b) strain KB1; (c) strain KB2; (d) by mixed culture.
Results showed % malaoxon degradation where initial ma-
laoxon was equal to malathion concentration of 1.5% kg™ soil.
Data is presented as mean and standard error of three inde-
pendent observations (£0.92).
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carried out in lab scale experiments. When strains were
inoculated to the sterilized soil, the degradation of mala-
thion increased, which showed obviously strains enhanc-
ed the degradation of malathion. The degradation rate of
malathion in fresh soil inoculated with strains was more
rapid than without inoculation, which confirmed that all
three strains could cooperate well with the indigenous mi-
croorganisms to degrade malathion in soil. The results of
malathion degradation in soil indicated that mixed cul-
ture of all three strains could be used potentially for the
bioremediation of malathion contaminated soils.
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