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Abstract

Biochemical treatment of pesticide wastewater is difficult accompanied by nonviable microorganisms
and low treatment efficiency due to the unique characteristics of the complex components and high
biological toxicity of pesticide wastewater. Herein, a highly efficient inoculum was prepared for the
degradation of phoxim. The application of inoculum on the treatment of phoxim pesticide wastewater
was investigated. A highly efficient phoxim-degrading strain was obtained through the acclimation of
phoxim-specific strain in an inorganic salt medium containing 400 mg/L phoxim and 1.0 g/L glucose.
The degradation rates of phoxim with initial concentrations of 21.5 mg/L and 50.5 mg/L reached
75.84% and 73.36%, respectively. Inoculum was prepared using the mixture of wheat bran, sawdust and
diatomite at the ratio of 80:10:10 (mass ratio) as carrier. The inoculum has the bifunctional advantage
of adsorption and degradation to phoxim. The degradation kinetics showed that the degradation rates
of phoxim at the initial concentration of 200 mg/L and 400 mg/L reached 75.84% and 73.36% within
10 hours, respectively. The good effect on the removal of phoxim and the wastewater quality purification
can be realized when the inoculum was used in sequencing batch reactor activated sludge process
to treat pesticide wastewater. This study provides technical means and theoretical foundation for

the biological treatment of phoxim pesticide wastewater using a microbial inoculum.
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Introduction

Although the serious environmental problems
from the extensive application of pesticide, the yield
and quality of crop is improved significantly due to
contribution of pesticide [1]. Thus, the production and
consumption of pesticides is increasing continuously
presently [2]. Global pesticide use has grown over
the past 20 years to 3.5 billion kilogram per year [3].
Pesticide is an essential agricultural chemical, and
its application is imperative. However, nearly 60 %
of the synthetic intermediates exist in the pesticide
wastewater as pollutants with high concentration due
to the complex process of pesticide production and
low utilization rate of raw materials [4]. In addition,
the operation of purification and equipment cleaning in
the pesticide production process discharges wastewater.
The discharge of untreated pesticide wastewater into
water bodies can cause severe damages to the balance
of aquatic ecosystems. Toxic pollutant in pesticide
wastewater, i.e., phenol, can pose a serious threaten to
human health through the food chain [5]. Therefore,
it is very important to control the discharge of toxic
pollutants from pesticide wastewater.

Pesticide wastewater treatment is one of the main
industrial wastewater treatment problems because of
the unique pesticide wastewater characteristics of high
organic load, complex components, large water volume
fluctuation, as well as many microbicidal pesticide and
their analogues [6]. Therefore, more and more attention
has been paid to the research on the wastewater
treatment procedures and strengthening strategy for
the enhancement water purification capacity during
biological treatment process of pesticide wastewater [7].

Currently, the treatment technology of pesticide
wastewater mainly includes physical, chemical and
biological treatment methods [8]. Physical processes are
commonly used as pretreatment processes. Adsorption
strategy is used as a physical method commonly for the
preliminary treatment of wastewater. Nevertheless, the
physical wastewater treatment process is implementing
essentially the transferring instead of the decomposition
process of pollutant. Chemical method is often used
as pretreatment process of biochemical treatment to
improve the biodegradability of pesticide wastewater.
It is not an ultimate mean for pesticide wastewater
elimination. Biological method is generally considered
as an ideal wastewater treatment technology due
to its properties of low energy consumption, high
degradation efficiency and stable effluent. However, the
toxicity of industrial wastewater limits the application
of the biological method [9]. The attachment of
microorganisms to solid phase carriers is a mean to
effectively enhance the anti-pollution load of sewage
biological treatment system and alleviate the toxicity of
wastewater on microorganisms [10].

To address the logic antinomy of the microbial
treatment system to eliminate industrial wastewater
with microbial hazards property, immobilization of

highly efficient degradation bacteria against pesticide
on the surface of carrier is a good means to solve
the problem that microorganisms survive in the
pesticide wastewater environment and perform their
decomposition functions. The insight on the efficiency
of incubation, pesticide wastewater treatment can be
strengthened by combining the physical adsorption with
biological degradation in the presence of incubation.

To immobilize phoxim-specific degrading strain, the
solid phase carrier of wheat bran : sawdust : diatomite
was adopted to prepared a microbial inoculum,
which was used for pesticide wastewater treatment in
sequencing batch reactor (SBR) (Fig. 1). The method can
not only overcome the problem of pollutant incomplete
removal in physical adsorption, but also effectively
alleviate the toxicity of pesticide wastewater on
microorganism in a wastewater treatment system. One
possibility is that the microbial inoculum could provide
the carbon source for sewage treatment system under
the technical requirements of nitrogen and phosphorus
removal [11].

Experimental
Strain and Reagents

Phoxim degrading strain X-02766 was purchased
from Agricultural Culture Collection of China. Phoxim
(1000 mg/L) was purchased from the Institute of
Environmental Protection, Ministry of Agriculture
(Tianjin, China). Protein, beef extract, sodium chloride,
magnesium heptahydrate sulfate, ammonium sulfate,
potassium dihydrogen phosphate, dipotassium hydrogen
phosphate, and agar were purchased from Sinopharm
Chemical Reagent Co. LTD (Shanghai, China).
Methanol and acetonitrile (HPLC reagent grade), and
acetone (analytical reagent grade) were purchased
from Merck & Co Inc (Shanghai, China). Corn straw
flour, rice husk flour, wheat bran flour, wood chip flour,
diatomite, and kaolin were purchased from Taobao
merchants. The water used for all the experiments was
purified using a Milli-Q system (Millipore, Bedford,
MA, USA). All experiments were carried out in tipples.

Optimum Glucose Content

Glucose solution was added to of inorganic salt
medium (phoxim: 21.5 and 50.5 mg/L) to obtain the final
glucose concentration of 0.2, 0.4, 0.6, 0.8 and 1.0 g/L
with the last volume of 100 mL. Then, 1 % of bacterial
solution was added and incubated with the continuing
shaking (160 r/min) at 30°C under the thermostatic
shaker (Jintan Instrument Equipment Co., Ltd, Tianjing,
China) for 24 h. Samples were taken at 3 hours intervals.
OD values of bacterial solution were measured using a
UV-visible spectrophotometer (Evolution 220, Thermo
Scientific, USA. The concentration of phoxim was
determined synchronous by the high-performance liquid
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Fig. 1 The pesticide wastewater aeration biological treatment
device with the application of the prepared microbial inoculum
(insert: Physical map of the prepared microbial inoculum).

chromatography (HPLC) (Beijing Innovation Tongheng
Technology Co., LTD, Beijing China).

Acclimation of X-02766

Prepared inorganic salt medium containing 50, 100,
200 and 400 mg/L phoxim. Then equivalent X-02766
bacteria suspension was put and incubated at 30°C for
2-3 days. Further cultivation was carried out in solid
inorganic medium containing 100 mg/L phoxim. The
obtained acclimatizable strain for phoxim degradation
were noted as X-50, X-100, X-200 and X-400.

Degradation Performance of the Acclimatizable
Strain

The bacterial solution was put into the basic salt
medium containing 200 mg/L or 400 mg/L of phoxim,
and incubated with shaking at 150 r/min for 24 hours.
12 mL of the mixed solution was taken and centrifuged
with the speed of 8000 r/min for 10 minutes. The
supernatant was filtered through an organic phase filter
in 0.22 pm pore size. Phoxim was extracted by added
6 mL of acetone in triple. The extracted phoxim was
mixed and condensed into 3 mL, and then determined
by an HPLC equipment.

Preparation of Microbial Inoculum

50 mL of the acclimatizable X-400 was mixed with
the carriers and the adsorption process of the strain
on the surface of carriers was performed at 30°C for
24 hours. Then the mixture was centrifuged at 4000 r/min
for 10 minutes. 20 mL of distilled water was added and
centrifuged again. The two supernatants were mixed to
evaluate the ability of the carrier to load bacteria. The
adsorption capacity of the carriers was determined by
dilution plate count method.

The carrier of wheat bran, sawdust and diatomite
with various mass ratio were mixed and sterilized for
30 min, cooled, and inoculated with 10 mL of bacterial
suspension, fermented by ventilation at 30°C for
48 hours and dried by ventilation at 30°C for 1 hour.
Took 10.0 g of crushed microbial inoculum, added 100
mL of sterile water, shaken at 150 r/min for 1 hour.
The retention performance of carrier was evaluated
by dilution coating plate count method. The prepared
microbial inoculum was shown in the Fig. 1.

HPLC Analysis Conditions

Phoxim was quantified by an HPLC system,
equipped with C column and an ultraviolet detector.
The column temperature was kept at 30°C , and the
wavelength of detector was set at 254 nm. The mobile
phase was comprised of methanol and 0.1% phosphoric
acid aqueous solution (V:V = 70:30). The flow rate of
mobile phase was 1 mL/min.

Pesticide Wastewater Treatment

The experimental setup was made of Plexiglas, and
the reaction cell is a cylinder with an inner diameter
and a height of 15 cm and 35 cm, respectively (Fig. 1).
The biological reaction process was performed under
the condition of blast aeration. The synthetic pesticide
wastewater was obtained from the mixture of sewage
with glucose, ammonium chloride, and potassium
dihydrogen phosphate as the carbon, nitrogen, and
phosphorus source, respectively. The ratio of CODecr
: N : P in concentration was 100 : 5 : 1. The final
concentration of pesticide was approximate 59 mg/L by
the addition of phoxim. The reactor was run in 2 cycles
per day.

Results and Discussion
Carbon Source

Glucose as one of the nutrients affects the growth
rate of bacteria, it can typically affect the decomposition
of target pollutants by microorganisms [12]. When the
initial phoxim concentrations was 21.5 mg/L, there
was no correlation between the degradation rate of
phoxim and the content of glucose in the medium
(Fig. 2a). However, with the increase of glucose content
in the medium, the degradation rate of phoxim was
promoted obviously when the increase of phoxim
concentration (50.5 mg/L) increased the pressure of
microbial growth (Fig. 2b). This phenomenon could be
explained by insufficient carbon source supply capacity
from the small amount of glucose in the medium [13].
As shown in Fig. 2, the addition of 1.0 g/L glucose
to the inorganic salt culture medium can effectively
promote the degradation of phoxim with the significant
degradation rate of phoxim of 56.34% and 63.24%
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Fig. 2. Degradation rate of phoxim under the condition of the various glucose content in the medium. The initial concentrations of

phoxim were 21.5 mg/L a) and 50.5 mg/L b).

for the initial phoxim concentrations of 21.5 mg/L and
50.5 mg/L, respectively.

Acclimation of Strain

The strain was tamed to degrade high concentrations
of phoxim. As shown in Fig. 3, it is worth to note
that the strain domesticated by low concentration
phoxim had high degradation rate of phoxim without
glucose. However, the strain under high concentration
phoxim stress need additional carbon source in the
process of phoxim degradation. The degradation
rates of X-400 in inorganic salt medium (containing
1.0 g/L glucose) were 73.63 % and 87.41 % for the initial
phoxim concentrations of 21.5 mg/L and 50.5 mg/L,
respectively. The degradation rates of phoxim by X-400
in the present of glucose were 3.8 and 2.8 times of those
in the absence of glucose with the initial phoxim at
21.5 mg/L and 50.5 mg/L, respectively. Strain Ywl2
for the degradation of organophosphorus pesticide
was isolated from activated sludge. It can be used to

100

completely degrade and utilize methyl parathion as
the sole carbon within 2-6 hours [14]. However, in our
experimental results, the external carbon source can
greatly promote the degradation efficiency of phoxim.

Growth of Strain X-400

In the inorganic salt medium with glucose, the
strain (X-400) grew rapidly because glucose provided
sufficient carbon source (Fig. 4). Under inhibition by
phoxim in inorganic salt medium, the strain X-400
grew well at the phoxim concentrations of 21.5 mg/L in
9 hours. No strain X-400 growth inhibition was found
in the continuous growth process after 9 hours because
of the moderate pressure of lower phoxim concentration
(Fig. 4a). The growth of the strain at 50.5 mg/L phoxim
was inhibited after 18 hours, and the OD value gradually
decreased with the cultivation continues (Fig. 4b).

It was noteworthy that growth of the strain in the
higher phoxim concentration was better than that in the
lower phoxim concentration, probably because the strain
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Fig. 3. Degradation rates of phoxim with/without glucose by the strains tamed in various concentration. The initial concentrations of

phoxim were 21.5 mg/L a) and 50.5 mg/L b).
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Fig. 5 The degradation curves with/without glucose in the initial phoxim concentrations of 21.5 mg/L a) and 50.5 mg/L b).

could make full use of phoxim as the carbon source to
obtain growth conditions in the late growth stage.

Degradation of Phoxim

In the inorganic salt medium containing phoxim,
the early degradation rate (before 6 h) was rapid

due to the large growth of the strain X-400. The
continuous decline of degradation rate in the later stage
may be related to the inhibition of bacterial growth.
The degradation rates of the initial phoxim
concentrations of 21.5 mg/L and 50.5 mg/L were
75.84% and 73.36% in 24 hours in the present of
glucose, respectively (Fig. 5).

Table 1. Comparison of the survival organism loaded on the various carriers.

Number of Number of
Carrier microorganisms Carrier microorganisms

(10° CFU/g) (10° CFU/g)
Rice husk 0.92 75:20:5 5.4
Wheat b 2.77 75:15:10 4.8

cat bran Wheat bran:
Sawdust 1.96 Sawdust: 80:10:10 7.2
Diatomit
Corn straw powder 0.68 ratorte 80:15:5 5.0
Kaoline 0.99 85:10:5 3.7
Diatomite 1.33
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Fig. 6 Degradation rates of phoxim by the inoculum prepared at drying temperatures of 20°C a), 30°C b) and 40°C c) with different strain

amounts.

The Preparation of Inoculum

As a global waste stemmed from wood processing,
sawdust has tremendous potential to be used for
wastewater  treatment. The inherent cellulose
component of sawdust increased its strength when it
was used as a carrier. Sawdust powder as carriers had
less microorganism adsorption [15]. Much literatures
reported the approaches on sawdust-biomass-based
material for the adsorptive removal of different
pollutants from an aqueous solution [16]. Wheat bran
had higher microorganism adsorption [17]. Therefore,
the carrier with multiple substances was a good option
to obtain the inoculum with high loading capacity.
Considering microbial growth, wheat bran can provide
sufficient nutrients for microorganisms [18]. Wheat
bran was a source of high-quality protein with low cost.
Moreover, superfine bran protein hydrolysate exhibited
the highest antioxidant activity and starch-digestive
enzyme inhibitory activity that could facilitate the
application of bran as a multifunctional nutrient [19].
Considering the aeration of the carrier, sawdust and
wheat bran could make the carrier loose, which was
benefit for the growth of microorganisms. However,
the small density of the two substances makes the
carrier suspended in the reactor, which is extremely
unfavorable for sewage treatment. Diatomite could
capture nitrogen, phosphorus, potassium and other
nutrients to provide a stable nutrient environment for
the microorganism [20]. In addition, the 3 microbial
support materials above-mentioned were selected on the
basis of the investigation of the ability of single carrier
to carry microorganisms (Table 1). When the ratio of
wheat bran: sawdust: diatomite was 80:10:10, the carrier
provided a suitable growth environment for the bacteria
and the maximum number of live bacteria could be
obtained as 7.2 x 10° CFU/g (Table 1).

Mixture of wheat bran : sawdust : diatomite in the
ratio of 80 : 10 : 10 has good degradation efficiency
when the strain amount was 15 % (15 mL). Too
little strain amount would reduce the immobilized
microorganisms, thus reducing the degradation rate.
The drying temperature in the preparation process

of inoculum has a serious impact on the activity of
microorganisms on the inoculum [21]. Fig.6 shows the
phoxim degradation rates by the prepared inoculum
dried at the different temperature. The low degradation
rates with the inoculum dried at 20°C indicated that
the incomplete drying of the inoculum have great
interference with the stability of microorganisms. On
the contrary, the high drying temperature accelerated
the senescence and death of the microorganisms,
thus led to the lower degradation rate of phoxim. The
degradation rates of phoxim at initial concentrations
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and NH,-N in the effluent.
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of 400 mg/L and 200 mg/L were 77.80% and 76.52%,
respectively, under the conditions of drying temperature
of 30°C (Fig. 6).

Application of Inoculum in Pesticide Wastewater
Treatment

Fig. 7 shows the time course of the phoxim,
CODecr, TP and NH-N concentration of the effluent.
During early run time (10 days), the phoxim,
CODcr, TP and NH,-N concentration of the effluent
wastewater fluctuated violent. With the progress of
sewage treatment operation, the dynamic balance of
continuous growth and extinction of microorganisms
was established, and the effluent quality was
becoming more and more stable. In terms of process
performance, the prepared inoculum has achieved
good results in the removal of phoxim, COD_, TP and
NH,-N in the treatment of pesticide wastewater. The
mean removal efficiencies for phoxim, COD_, TP and
NH,-N reached up to 60.57%, 65.15%, 68.85%, and
59.29% in 30 days of operation, respectively, which
claims efficient candidature of the prepared inoculum
used in pesticide wastewater treatment process.

Conclusions

In this paper, we have domesticated the bacterium
X-02766  with the performance of degrading
phoxim. The optimized bacterial growth conditions
for the degradation of phoxim was investigated.
The degradation rates of the domesticated bacteria
X-400 in medium (containing 1.0 g/L glucose) were
73.63% and 87.41% for the initial concentration of
21.5 mg/L and 50.5 mg/L of phoxim, respectively.
The optimal carrier for inoculum was discovered by
single-factor experiment as wheat bran : sawdust :
diatomite = 80 :10 :10. The inoculum was prepared
by adding 15 mL of bacterial solution into the carrier
and drying at 30°C. The degradation rates of phoxim
by inoculum for 24 hours at the initial concentration
of phoxim of 200 mg/L and 400 mg/L were 75.84%
and 73.36%, respectively. The prepared inoculum was
used to treat the pesticide wastewater in continuous
bioreactor. The mean removal efficiencies for phoxim,
COD_,, TP and NH.-N reached up to 60.57 %, 65.15 %,
68.85 %, and 59.29 % in 30 days, respectively.
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