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Abstract Biotreatment of methylparathion (O,O-dime-

thyl-O-4-nitrophenyl phosphorothioate) was studied in

aqueous mineral salts medium containing fungal culture to

demonstrate the potential of the pure culture (monoculture)

of Fusarium sp in degrading high concentration of meth-

ylparathion. A statistical Box–Behnken design of experi-

ments was performed to evaluate the effects of individual

operating variables and their interactions on the methyl-

parathion removal with initial concentration of 1,000 mg/L

as fixed input parameter. A full factorial Box–Behnken

design of experiments was used to construct response

surfaces with the removal, the extent of methylparathion

biodegradation, removal of chemical oxygen demand and

total organic carbon, and the specific growth rate as

responses. The temperature (X1), pH (X2), reaction time

(X3) and agitation (X4) were used as design variables. The

result was shown that experimental data fitted with the

polynomial model. Analysis of variance showed a high

coefficient of determination value of 0.99. The maximum

biodegradation of methylparathion in terms of the meth-

ylparathion removal (Y1), chemical oxygen demand

removal (Y2) and total organic carbon removal (Y3) were

found to be 92, 79.2 and 57.2 % respectively. The maxi-

mum growth in terms of dry biomass (Y4) was 150 mg/L.

The maximum biodegradation corresponds to the combi-

nation of following factors of middle level of temperature

(X1 = 30 �C), pH (X2 = 6.5), agitation (X4 = 120 rpm)

and the highest level of reaction time (X3 = 144 h). The

removal efficiency of methylparathion biodegradation was

achieved 92 %. It was observed that optimum biotreatment

of methylparathion can be successfully predicted by

response surface methodology.

Keywords Box–Behnken experimental design �
O,O-dimethyl-O-4-nitrophenylphosphorothioate

Introduction

Water contamination is mainly caused by industrial

effluents, agricultural runoff and chemical spills which

contain several non-biodegradable substrates that can be

harmful to the environment. A current environmental

concern is the contamination of aquatic ecosystem due to

pesticide discharges from manufacturing plant, agricultural

runoff, leaching, accidental spills and other sources. The

drinking water directive (Council directive 98/83/EC of 3

November 1998), sets an allowed contaminant level of

0.1 mg/L for a single pesticide and 0.5 mg/L for the total

sum of pesticides. According to the previous report, the

pesticide pollution due to wastewater from formulating or

manufacturing pesticide plants released the effluent up to

1,000 mg/L (Chiron et al. 1997). Industries manufacturing

these pesticides release wastewater in water bodies or

land. Although industries treat their wastewater by acti-

vated sludge process, no attention is paid to removal of

specific pesticides or their metabolites which exert toxicity

at very low concentrations. Among the organophosphate

insecticides, the methylparathion was found to be widely

used insecticides in India as an alternate of organochlorine

compounds. OP compounds poisoning is a world-wide

health problem with around 3 million poisonings and
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200,000 deaths annually (Sogorb et al. 2004).The com-

pounds have been implicated in several nerve and mus-

cular diseases in human beings in addition to various acute

adverse effects (Ragnarsdottir 2000). The intermediates

such as paranitrophenol, picric acid are similar to the

intermediates that are found in explosive compounds. To

date, biotransformations have been the main focus

in research on organophosphate pesticide degradation.

Studies on pesticide metabolism by other fungi such as

Aspergillus niger degrading Chlorpyrifos (Karas et al.

2011), pyrethroid (Liang et al. 2005), fenitrothion (Kanaly

et al. 2005), dimethoate (Liu et al. 2001) and Aspergillus

flavus for metolachlor (Sanyal and Kulshrestha 2004) are

also reported. Moreover, Phanerochaete chrysosporium,

Trametes versicolor and Pleurotus ostreatus for Chlor-

pyrifos degradation are reported (Karas et al. 2011). All

these reports emphasize the enormous potential of soil

fungi for bioremediation. Use of specific microflora

adapted to these pesticides, in treatment of industrial

effluents is not in practice (Kanekar et al. 2004). There-

fore, research should be concentrated to develop eco-

nomical but effective microbial processes for treatment of

industrial effluents containing these pesticides and take

them to field.

Response surface methodology (RSM) is a collection

of statistical and mathematical techniques used to study

the interactions of different variables. RSM is very useful

for modeling and analyzing a complex process, allowing

the construction of a model that contains a full descrip-

tion of the independent variables that are effective under

optimal conditions (Meilgaard et al. 2002; Chun et al.

2004). RSM requires less runs, and is suitable for mul-

tiple factor experiments, search for relationships between

factors, and for finding the most suitable condition and

prediction of response (Seth and Chand 2000). However,

there are few reports of biotreatment processes using

RSM, and it is important to make use of RSM in this

area to utilize manpower and resources most effectively.

The optimization of experiments was carried out using

RSM to understand the effect of important variables

(temperature, pH, time and agitation) and their interac-

tions on the biotreatment process. A novel strain of

Fusarium sp was isolated from agricultural soil at a

pesticide contaminated site by Coimbatore, India and

used it for the biotreatment process of methylparathion in

the laboratory. Hence, the objective of the study was to

examine the biotreatment efficiency and optimization of

aqueous methylparathion removal by Fusarium strain

using Box–Behnken design. This work was done at

Bharathiar University, India, and was completed in

August 2011.

Materials and methods

Fungal culture conditions

A potential fungal strain (Fusarium sp mpd-1) was isolated

from pesticide exposed agricultural soil. The initial

enrichment cultures were established in synthetic waste-

water containing mineral salts medium amended with the

methylparathion (DevithionTM 50 % EC) as the sole

source of carbon and energy. The concentration of meth-

ylparathion used was 0.1 %, pH was adjusted using 1 N

NaOH and 1 N HCl (ELICO-L1127, India). The methyl-

parathion-contaminated synthetic wastewater was of

neutral pH and the mean value of methylparathion (MP)

content was 1,000 mg/L, chemical oxygen demand (COD)

was 41,950 mg/L and total organic carbon (TOC) was

10,459 mg/L. The synthetic wastewater containing higher

concentration of methylparathion with maximum level of

1,000 mg/L was used in the present study. Stock solution

of pure methylparathion (98.5 %) was prepared by dis-

solving 1 g in 100 mL methanol, made up to 1,000 mL

of distilled water and was used as a reference for instru-

mental analysis. Organisms were subsequently grown on

Czapek’s-Dox agar medium plates to obtain single colo-

nies. A pure culture of methylparathion-degrading Fusar-

ium was isolated by series of replating on MSM with

methylparathion agar plates. It was preliminarily identified

as Fusarium on the basis of morphological and physio-

logical characteristics. For degradation studies, Fusarium

was inoculated into sterile shake-bottles containing

250 mL of MSM, 0.1 % (w/v) methylparathion and incu-

bated under aerobic conditions on a shaker (120 rpm) for

7 days. The other parameters, i.e., pH value, culture tem-

perature, time and agitation, were part of the experimental

design. All experiments were performed in triplicate, and

the results are expressed as an average of three replicates.

Optimization of methylparathion degrading condition

by Fusarium sp mpd-1

In order to study the effect of variables on methylparathion

degradation during fungal biotreatment, temperature, pH,

time and agitation were adjusted for analysis. In this study

an experimental design was set such that pH, temperature

and time were adjusted. The synthetic wastewater con-

taining mineral salts medium amended with the methyl-

parathion was set at various temperature (25–35 �C), pH

(4–9), time (24–264 h) and agitation (100–140 rpm) for

analysis. The pH was adjusted using 1 N NaOH and 1 N

HCl (ELICO-L1127, India). Response surface methodology

(RSM) based on the Box–Behnken design of experiment
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was used to optimize these parameters and their interaction

which significantly influenced methylparathion biodegra-

dation by strain Fusarium sp mpd-1. In this work, attempts

were made to optimize the culture conditions for the bio-

degradation of the organophosphate pesticide methylpara-

thion by Fusarium sp mpd-1 using an RSM Box–Behnken’s

design. The effects of operating variables of factors such as

methylparathion concentration, incubation time, pH, tem-

perature and agitation were investigated. The response

process parameters including methylparathion removal (%),

COD removal (%), TOC removal (%) and fungal growth

rate in terms of dry biomass (mg/L) were determined via

response surface methodology.

Experimental designs: Box–Behnken design (BBD)

A four-factor, three-level Box–Behnken design was used in

this study. The Box–Behnken statistical experiment design

method was used to determine the effects of operating

variables such as temperature, pH, time and agitation on

the percentage removal of methylparathion, COD and

TOC. Four important operating variables temperature (X1),

pH (X2), time (X3) and agitation (X4) were considered as

independent variables. The low, middle and high levels of

each variable were designated as -1, 0, and ?1 respec-

tively, as given in Table 1.

The Box–Behnken design is an independent, rotatable

quadratic design with no embedded factorial or fractional

factorial points where the variable combinations are at the

mid-points of the edges of the variable space and at the

center. Among all statistical experiment designs, Box–

Behnken design requires fewer runs than the others, e.g., 29

runs for a 4-factor experimental design. The variables and

their values (in brackets) were of three levels: temperature

(25–30 �C), pH (4–9), time (24–264 h) and agitation

(100–120 rpm), at constant methylparathion concentration

1,000 mg/L (0.1 %). This also enabled the identification of

significant effects of interactions for the batch studies. In

system involving four significant independent variables

X1, X2, X3, and X4, the mathematical relationship of

the response of these variables can be approximated by

quadratic (second degree) polynomial equation (Box and

Behnken 1960; Annadurai et al. 2008). This design is

suitable for exploration of quadratic response surfaces and

construction of a second order polynomial model, thus

helping in optimizing a process using a small number of

experimental runs. A total of 29 experiments were carried

out (Table 2).

The design consists of three replicated center points, and a

set of six points lying at the midpoints of each edge of the

multidimensional cube. Response functions describing vari-

ations of dependent variables (methylparathion removal,

COD removal, TOC removal and growth of fungi) with the

independent variables (Xi) can be written as follows:

Y ¼ b0 þ
X

bixi

Linear

þ
X

bijxixj

Interaction

þ
X

biix
2
ii

Squared

where, Y is the predicted response (percentage of

methylparathion, COD removal, TOC removal and growth

of fungi), b0 is the offset term and bi is the linear effect while

bii and bij are the square and the interaction effects,

respectively. Experimental data points used in Box–

Behnken statistical experiment design are presented in

Table 2. The response function coefficients were

determined by regression using the experimental data and

the Stat-Ease Design Expert 8.0.4 computer program. The

response functions for percent methylparathion removal,

COD removal, TOC removal and growth of fungi were

approximated by the standard quadratic polynomial equation

as presented below. The following equation describes the

regression model of the present system, which includes the

interaction terms:

Y ¼ b0 þ b1X1 þ b2X2 þ b3X3 þ b4X4 þ b11X2
1 þ b22X2

2

þ b33X2
3 þ b44X2

4 þ b12X1X2 þ b13X1X3 þ b14X1X4

þ b23X2X3 þ b24X2X4 þ b34X3X4

where Y is the predicted response, i.e., the methylparathion

removal; X1, X2, X3 and X4 are the coded levels of the

independent variables: temperature, pH, time and agitation.

The regression coefficients are: b0—the intercept term; b1,

b2, b3 and b4—the linear coefficients; b12, b13, b14, b23, b24,

b34—the interaction coefficients and b11, b22, b33, b44—the

quadratic coefficients. The model evaluates the effect of

each independent variable on the response. The normal

practice is to test within the feasible range, so that the

variation in the process does not mask the factor effect. A

total of 29 trials were necessary to estimate the coefficients

of the model using multiple linear regressions. Hence,

about 29 treatments were conducted in the present study

and the variance analysed. The data obtained from 29

experiments were used to find out the optimum point of the

process parameters using Box–Behnken Design in

Response surface methodology. All the data were treated

with the aid of Design Expert by Stat Ease Inc,

Table 1 Levels and codes of the Box–Behnken experimental design

Factors (variables) Code None code Coded level

-1 0 1

Temperature (oC) X1 A 25 30 35

pH X2 B 4 6.5 9

Time (h) X3 C 24 144 264

Agitation (rpm) X4 D 100 120 140
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Minneapolis (Design Expert.-8.0.4) (Box and Behnken

1960; Myers and Montgomery 2002; Hanrahan and Lu

2006). Methylparathion removal conditions are presented

in Table 2, according to the experimental design (Table 1).

Methylparathion determination

The effect of biotreatment on the degradation of methyl-

parathion was determined in terms of COD, TOC and the

fungal biomass in the synthetic wastewater, before and

after treatment process. The samples were withdrawn at

different time intervals after biotreatment (from 0 to

264 h)) from shake flask and were analyzed for COD, as

per standard procedure laid down in APHA (1998). The

TOC was measured using TOC analyser (Shimadzu).

Growth of Fusarium sp in terms of dry weight (mg/L) was

estimated gravimetrically. All experiments were performed

in triplicates.

Analysis of methylparathion biodegradation using

spectral studies

The samples were centrifuged at 10,000 rpm for 30 min

using high-speed refrigerator centrifuge (CR22GII-Hitachi,

Japan) and filtered through 25 mm/0.2 lm sterile syringe

nylon filters. The filtered samples were then used for

analysis of residual methylparathion and intermediate

products.

Table 2 Experimental design with coded and experimental values

Run order: Coded values Experimental values

X1:A

Temp (oC)

X2:B

pH

X3:C

Time (h)

X4:D Agitation

(rpm)

Y1:A MP

Removal (%)

Y2:B COD

Removal (%)

Y3:C TOC

Removal (%)

Y4:D Growth MP?

(dry weight-mg/L)

Run: F-1 F-2 F-3 F-4 R-1 R-2 R-3 R-4

1 1 0 0 -1 69 55 25 109

2 0 1 1 0 76 62 37 116

3 0 0 -1 -1 66 50 21 107

4 -1 0 0 -1 65 48 19 105

5 1 0 1 0 74 59 30 114

6 1 1 0 0 75 60 31 115

7 -1 0 1 0 72 57 28 112

8 0 0 1 1 73 58 28 114

9 -1 0 -1 0 73 56 30 113

10 1 0 -1 0 67 53 23 107

11 0 -1 0 -1 68 51 25 108

12 0 0 1 -1 64 48 21 105

13 0 0 0 0 90 78 56 148

14 -1 0 0 1 76 61 31 116

15 0 1 -1 0 72 57 30 112

16 0 0 0 0 91 79 57 149

17 0 1 0 1 77 61 33 117

18 0 -1 -1 0 70 55 30 112

19 0 1 0 -1 69 55 26 109

20 0 -1 1 0 69 56 27 109

21 1 0 0 1 67 51 20 107

22 0 -1 0 1 68 54 25 108

23 0 0 0 0 93 80 58 150

24 0 0 0 0 93 80 58 150

25 -1 1 0 0 80 65 36 120

26 -1 -1 0 0 72 57 30 113

27 0 0 0 0 91 79 57 148

28 1 -1 0 0 74 58 28 114

29 0 0 -1 1 66 51 24 107
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UV–Vis spectral analysis

Degradation of methyl parathion and subsequent formation

and eventual disappearance of intermediate products in the

reaction mixture as a function of pH and time was moni-

tored using UV–Vis spectroscopy. The filtered samples

were scanned using UV–Vis–NIR Spectrophotometer

(Shimadzu-UV-3,600 Japan), at 277 nm. HPLC analysis:

the centrifuged and filtered samples were analyzed

for residual methylparathion using HPLC. Residual meth-

ylparathion and intermediates were analysed by HPLC

(Shimadzu, Japan) on a reverse phase C18 column

[(250 9 4.60 mm) (Desc. Luna 5l C18 (20)-100A Phe-

nomenex)] at a flow rate of 1.5 ml/min. Mobile phases

consisted of solution A (HPLC grade water) and solution B

(HPLC grade methanol) in the ratio of 1:4, respectively.

The isocratic gradient mode was applied with a pressure

limit of 20 MPa and the analysis was carried out with a

total run time of 20 min. The elute was delivered at a rate

of 1.5 ml/min. The sample was injected at a rate of 20 lL

and was detected at 277 nm using UV detector (SPD-20A,

Japan). Under the conditions described above, the retention

time (RT) of methylparathion standard was 3.3 min.

Result and discussion

Optimization of methylparathion biotreatment :Box–Be-

hnken Statistical Experiment Design (BBD) Response

surface methodology is an empirical modelling technique,

which is used to evaluate the relationship between a set of

controllable experimental factors and observed results

(Annadurai 2000). Box–Behnken statistical experiment

design and the response surface methodology was used to

investigate the effects of the three independent variables on

the response function and to determine the optimal condi-

tions maximizing the percentage of methylparathion

removal, COD removal, TOC removal and fungal growth

(biomass). The optimization procedure involves studying

the response of the statistically designed combinations,

estimating the coefficients by fitting the experimental data

to the response functions, predicting the response of the

fitted model and checking the adequacy of the model. The

independent variables were the temperature (X1), pH (X2),

time (X3) and agitation (X4). The low, center (middle) and

high levels of each variable are designated as -1, 0 and

?1, respectively as shown in Table 1. The dependent

variables (or objective functions) were the methylparathion

removal (Y1), COD removal (Y2), TOC removal (Y3) and

fungal growth (Y4). The dependent and independent vari-

able values and the observed results are presented in

Table 2. The center point (0, 0, 0, 0, 0) was repeated five

times and the same results were obtained indicating the

reproducibility of the data. Observed percent removal for

methylparathion, COD, TOC and growth of fungi (dry

biomass—mg/L) is compared in Table 2.

Analysis of variance (ANOVA) and empirical model

fitting

Based on design of experiment, 29 combinations were

developed and processed to remove methylparathion from

wastewater as mentioned in the Tables 1 and 2. The data

obtained from the experiments were used to the analysis of

variance. Tables 3 and 4 show the ANOVA results of the

model of Response surface showing methylparathion

removal by fungal strain and its growth in terms of dry

biomass as a function of temperature, pH, time and agita-

tion. The model F value obtained (188.64, 416.52, 777.17

and 430.98) from each source implied the respective model

was significant for methylparathion removal, COD and

TOC removal and growth of fungi in terms of dry weight.

A ‘P’ value lower than 0.01 % (or 0.0001) indicates that

the respective model is considered to be statistically sig-

nificant (Montgomery 1991, 2004; Evans 2003; Annadurai

et al. 2008). Also, as can be seen in Table 3, the ‘‘lack of fit

F value’’ of 0.24 (methylparathion removal), 0.53 (COD

removal), 0.25 (TOC removal) and 1.05 (growth in dry

weight) implies that the lack of fit phenomenon is not

important relatively to pure error, indicating the suggested

model is well fitted to the observed methylparathion

removal, COD and TOC removal and growth of Fusarium

sp in dry biomass.

The regression model coefficients

This approach was selected because relatively fewer

combinations of the variables were used to estimate a

potentially complex response function. A total of 29

experiments are needed to calculate 14 coefficients of the

second-order polynomial regression model. This model

contains one block term, four linear, four quadratic and six

interaction terms. The coefficients of the response func-

tions for different dependent variables were determined

correlating the experimental data with the response func-

tions using a Stat-Ease regression program. Different

response functions with the determined coefficients are

presented by Eqs. (1) and (4). By applying multiple

regression analysis of the experimental data, the experi-

mental results were fit with a second-order polynomial

equation. The regression equations given are obtained by

the analysis of variance and give the percentage level of

methylparathion removal. Thus, mathematical regression

models for methylparathion removal using the coded fac-

tors are given as:
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Regression model for phosphate removal (%) (Y1)

Y1 ¼ Methylparathion removal final equation in terms

of coded factors

Y1 ¼ 91:6 � 1:0X1 þ 2:33X2 þ 1:17X3 þ 2:17X4

� 8:72X2
1 � 7:97X2

2 � 11:47X2
3 � 13:22X2

4

� 1:75X1X2 þ 2:0X1X3 � 3:25X1X4 þ 1:25X2X3

þ 2:0 X2X4 þ 2:25X3X4

ð1Þ

Regression model for COD removal (%) (Y2)

Y2 ¼COD removal final equation in terms of coded factors

Y2 ¼ 79:2� 0:67X1 þ 2:42X2 þ 1:5X3 þ 2:42X4

� 10:35X2
1 � 8:97X2

2 � 12:6X2
3 � 14:97X2

4

� 1:50X1X2 þ 1:25X1X3 � 4:25X1X4 þ 1:0X2X3

þ 0:75 X2X4 þ 2:25X3X4 ð2Þ

Regression model for TOC removal (%) (Y3)

Y3 ¼ COD removal final equation in terms of coded factors

Y3 ¼ 57:2� 1:42X1 þ 2:33X2 þ 1:08X3 þ 2:0X4

� 14:64X2
1 � 11:27X2

2 � 14:89X2
3 � 18:77X2

4

� 0:75X1X2 þ 2:25X1X3 � 4:25X1X4 þ 2:5X2X3

þ 1:75 X2X4 þ 1:0X3X4 ð3Þ

Table 3 Analysis of variance (ANOVA) results of model of methylparathion removal, COD and TOC removal by Fusarium sp mpd-1 and its

growth in terms of dry weight as a function of temperature, pH, time and agitation

Source Sum of squares Degree of freedom Mean square F value Prob [ F Remarks

MP removal (%)a

Model 2175.708 14 155.407 188.6452 \0.0001 Significant

Residual 11.5333 14 0.8238

Lack of fit 4.33333 10 0.4333 0.240741 0.9691 Non-significant

Pure error 7.2 4 1.8

Cor total 2187.241 28

COD removal (%)b

Model 2728.209 14 194.872 416.5204 \0.0001 Significant

Residual 6.55 14 0.4678

Lack of fit 3.75 10 0.375 0.535714 0.807 Non-significant

Pure error 2.8 4 0.7

Cor total 2734.759 28

TOC removal (%)c

Model 4183.789 14 298.842 777.1744 \0.0001 Significant

Residual 5.383333 14 0.3845

Lack of fit 2.583333 10 0.2583 0.369048 0.9084 Non-significant

Pure error 2.8 4 0.7

Cor total 4189.172 28

G-MP?(mg/L)d

Model 6285.21 14 448.943 430.9858 \0.0001 Significant

Residual 14.58333 14 1.0416

Lack of fit 10.58333 10 1.0583 1.058333 0.5226 Non-significant

Pure error 4 4 1

Cor total 6299.793 28

MP methylparathion, COD chemical oxygen demand, TOC total organic carbon, G-MP? growth in presence of methylparathion (dry weight)
a R2 = 0.994727; R2

adj = 0.98945; adequate precision = 42.79201
b R2 = 0.997605; R2

adj = 0.99521; adequate precision = 63.67777
c R2 = 0.998715; R2

adj = 0.99743; adequate precision = 85.7489
d R2 = 0.997685; R2

adj = 0.99537; adequate precision = 61.07873
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Table 4 ANOVA table for Y1 (methylparathion removal in %), Y2 (COD removal in %) and Y3 (TOC removal in %) and Y4 (growth in biomass

mg/L) responses

Source DF Y1 Y2

SS MS F P SS MS F P

Model 14 2175.7 155.4 188.6 \0.0001 2728.2 194.8 416.5 \0.0001

A-X1-Temp (oC) 1 12 12 14.5 0.0019 5.33 5.33 11.3 0.0045

B-X2-pH 1 65.3 65.3 79.3 \0.0001 70 70 149.7 \0.0001

C-X3-Time (h) 1 16.3 16.3 19.8 0.0005 27 27 57.7 \0.0001

D-X4-Agitation (rpm) 1 56.3 56.3 68.3 \0.0001 70 70 149.7 \0.0001

X1 X2 1 12.25 12.2 14.8 0.0017 9 9 19.2 0.0006

X1 X3 1 16 16 19.4 0.0006 6.25 6.25 13.3 0.0026

X1 X4 1 42.25 42.25 57.2 \0.0001 72.25 72.25 154.4 \0.0001

X2 X3 1 6.25 6.25 7.5 0.0155 4 4 8.5 0.0111

X2 X4 1 16 16 19.4 0.0006 2.25 2.25 4.8 0.0457

X3 X4 1 20.25 20.25 24.5 0.0002 20.25 20.25 43.2 \0.0001

X1
2 1 492.8 492.8 598.5 \0.0001 694.8 694.8 1485.1 \0.0001

X2
2 1 411.6 411.6 499.73 \0.0001 522.4 522.4 1116.7 \0.0001

X3
2 1 852.8 852.8 1035.2 \0.0001 1029.7 1029.7 2201 \0.0001

X4
2 1 1133 1133 1375.3 \0.0001 1454.5 1454.5 3109 \0.0001

Residual 14 11.5 0.8238 6.55 0.4678

Lack of fit 10 4.33 0.4333 0.2407 0.9691 3.75 0.375 0.535 0.807

Pure error 4 7.2 1.8 2.8 0.7

Cor total 28 2187.2 2734.7

Source DF Y3 Y4

SS MS F P SS MS F P

Model 14 4183.7 298.8 777.1 \0.0001 6285.2 448.9 430.9 \0.0001

A-X1-Temp (oC) 1 24.08 24.08 62.6 \0.0001 14.08 14.08 13.5 0.0025

B-X2-pH 1 65.33 65.33 169.9 \0.0001 52.08 52.08 50 \0.0001

C-X3-Time (h) 1 14.08 14.08 36.6 \0.0001 12 12 11.5 0.0044

D-X4-Agitation (rpm) 1 48 48 124.8 \0.0001 56.33 56.33 54 \0.0001

X1 X2 2.25 2.25 5.8 0.0298 9 9 8.6 0.0108

X1 X3 20.25 20.25 52.6 \0.0001 16 16 15.3 0.0015

X1 X4 72.25 72.25 187.8 \0.0001 42.25 42.25 60.5 \0.0001

X2 X3 25 25 65 \0.0001 12.25 12.25 11.7 0.0041

X2 X4 1 12.25 12.25 31.8 \0.0001 16 16 15.3 0.0015

X3 X4 1 4 4 10.4 0.0061 20.25 20.25 19.4 0.0006

X1
2 1 1390.5 1390.5 3616.3 \0.0001 2005.4 2005.4 1925.2 \0.0001

X2
2 1 823.3 823.3 2141.2 \0.0001 1783.8 1783.8 1783.8 \0.0001

X3
2 1 1438.4 1438.4 3740.8 \0.0001 2519.4 2519.4 2418.6 \0.0001

X4
2 1 2284.4 2284.4 5941 \0.0001 3056.7 3056.7 2934.4 \0.0001

Residual 14 5.383 0.3845 14.58 1.041

Lack of fit 10 2.583 0.2583 0.369 0.9084 10.58 1.058 1.0583 0.5226

Pure error 14 2.8 0.7 4 1

Cor total 28 4189.1 6299.7
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Regression model for growth (dry biomass-mg/L) (Y3)

Y4 ¼ Growth in dry biomass final equation in terms

of coded factors

Y4 ¼ 149� 1:08X1 þ 2:08X2 þ 1:0X3 þ 2:17X4

� 17:58X2
1 � 16:58X2

2 � 19:71X2
3 � 21:71X2

4

� 1:50X1X2 þ 2:0X1X3 � 3:25X1X4 þ 1:75X2X3

þ 2:0 X2X4 þ 2:25X3X4 ð4Þ

where Y1 is the predicted response of the methylparathion

degradation rate, temperature (X1), initial pH (X2), time

(X3) and agitation (X4) are the coded variables. Equations

(1–3) and (4) represent the approximating function of

methylparathion removal (Y1), COD removal (Y2), TOC

removal (Y3) and fungal growth (Y4) in terms of biomass

(mg/L) of coded factors for the surface response. In the

models of Y1, Y2, Y3 and Y4, the probability value of

\0.0001 implies that these models were significant. The

ANOVA results for the parameters Y1, Y2, Y3 and Y4,

showed that the significant (P \ 0.05) response surface

models with high R2 value of R2 = 0.9947, 0.9976, 0.9987

and 0.9976, respectively (Table 3). Quadratic model was

found to be maximum in adjusted R2 and predicted R2.

However, Cubic model was found to be aliased. The

temperature (A-X1), pH (B-X2), time (C-X3) and agitation

(D-X4) have positive influence on methylparathion removal

and the interaction among temperature with pH, time and

agitation has also positive response on methylparathion

removal.

Analysis of process variables by response surface plots

The optimum values of the selected variables were

obtained by solving their regression equation and analyzing

response surface contour plots. Response surface plots as a

function of four factor at a time maintaining all other

factors at a fixed level (zero for instance) are more helpful

in understanding both the main and interaction effects of

the four factors. The plots can be easily obtained by cal-

culating the data from the model. The values were taken by

one factor, where the second varies with constant of a

given Y values. The yield values of the different concen-

trations and range of the variable can also be predicted

from respective response surface plots. Figure 1 shows the

relative effect of the four variables (temperature, pH, time

and agitation) with methylparathion removal. The coordi-

nates of the central point contained the highest optimum

level of the respective components. Figures 1, 2, 3 and 4

show their response surface obtained as a function of

temperature, pH, time and agitation versus methylparathion

removal, COD and TOC removal and growth of fungi in

terms of dry biomass.

Figure 5 shows their actual and predicted plot for

(a) methylparathion removal (93 %), (b) COD removal

(80 %), (c) TOC removal (58 %) and (d) growth of fungi in

biomass (150 mg/L). The actual values are the measured

response data for particular run and the predicted values are

the results generated using the approximating functions. It

is found that the methylparathion removal, COD removal,

TOC removal and growth (biomass) which measured the

signal-to-noise ratio were greater than 4, reaching the ratio

of 42.79, 63.67, 85.74, and 61.07, respectively. This indi-

cates the model is adequate to be used to navigate the

design space.

Optimization and validation of the model

The methylparathion removal by Fusarium sp mpd-1 was

predominantly influenced by the combined effects of the

environmental factors like temperature, pH, incubation

period (time) and agitation. The point prediction from the

analysis of variables for the response surface model

showed the maximum methylparathion removal (93 %),

COD removal (80 %), TOC removal (58 %) and growth/

biomass (150 mg L-1) by fungal strain Fusarium sp (mpd-

1) in synthetic wastewater containing 1,000 mg L-1 of

methylparathion at conditions of pH (6.5) and temperature

(30 oC) and agitation at 120 rpm for 144 h of incubation

period. As can be seen, there is not much difference

between the experimental values and model response val-

ues obtained. This, therefore, confirmed that RSM could be

effectively used to predict the removal performance of

methylparathion from wastewater by potential fungal

strain (Fusarium sp mpd-1). The maximum experimental

response for methylparathion removal was 93 %, whereas

the predicted value was 91.6 % indicating a strong agree-

ment between them. The optimum values of the tested

variables are at pH 7, 30 �C temperature and agitation at

120 rpm for 144 h of incubation time as shown in pertur-

bation graph (Fig. 6). The model was also validated by

repeating the experiments under the optimized conditions,

which resulted in the methylparathion removal of 93 %

(Predicted response 91.6 %), thus proving the validity of

the model.

Analysis of MP degradation using spectral studies

UV–Vis NIR spectral analysis

In order to investigate the formation and eventual disap-

pearance of intermediate compounds in the reaction
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Fig. 1 Response surface plot of the combined effects of pH, temperature, time and agitation on the percentage removal of methylparathion by

Fusarium sp mpd-1
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Fig. 2 Response surface plot of the combined effects of pH, temperature, time and agitation on the percentage removal of COD by Fusarium sp

mpd-1
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Fig. 3 Response surface plot of the combined effects of pH, temperature, time and agitation on the percentage removal of TOC by Fusarium sp

mpd-1
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Fig. 4 Response surface plot of the combined effects of pH, temperature, time and agitation on the growth of Fusarium sp mpd-1 in presence of

methylparathion
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mixture, the biotreated synthetic wastewater containing

methylparathion was monitored using UV–Vis spectros-

copy as a function of time. The UV–Vis spectroscopy

scanning profile shows a peak formation with lambda max

(kmax) at 277 nm. Methylparathion produces a maximum

absorbance peak at 277 nm. The extended biotreatment

after 144 h, shows the decrease its intensity and eventually

disappeared as shown in Fig. 7. The degradation of meth-

ylparathion by Fusarium sp mpd-1 was found to be

decrease in the peak value at 277 nm with increase in time.

The absorbance value was found to be reduced at maxi-

mum time of 144 h at optimized process variables. The

wavelength at 277 nm shows a displacement to higher

wavelengths and formation of new peak at 400 nm that can

be attributed to the p-nitrophenol absorption bands.

Zhongli et al. (2001) reported that the maximum absorption

peak of methylparathion was recorded at 273 nm by

Plesiomonas sp strain M6. Wu and Linden (2008) reported

that the parathion produces a maximum absorbance (kmax)

Fig. 5 The actual and

predicted plot for

a methylparathion removal (%),

b removal (%), c TOC removal

(%) and d growth (mg/L) by

Fusarium sp mpd-1

Fig. 6 Perturbation graph showing the optimum values of the tested

variables
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band at 275 nm. Further, the biotreated samples were

analysed by HPLC for the confirmation of the residual MP

and intermediates formation.

HPLC analysis

The retention time for methylparathion was found to be

3.3 min which was confirmed by the spectra (Fig. 8). The

percentage degradation of methylparathion by Fusarium sp

mpd-1 was found to be 93 %. Treated samples showed that

the peak reduction at 3.3 retention time (RT), hence it

proves the degradation of methylparathion by biotreatment

(Fusarium sp mpd-1) process. Moreover, methylparathion

was rapidly oxidized into other organic compounds. The

peaks at retention time of 4.0, 4.4 and 10 min in treated

sample were observed as the intermediate products of

methylparathion degradation during the biotreatment pro-

cess (Fig. 8).

Dumas et al. (1989) reported the hydrolysis of para-

thion, diazinon, fensulfothion and coumaphos by the

enzyme phosphotriesterase. Biodegradation of organo-

phosphorus pesticides by organophosphorus hydrolase has

been reported by Richins et al. (1997). Marinho et al.

(2011) reported that the presence of glucose in the med-

ium helped the removal of the pollutant. Fungus possesses

several enzymatic systems such as glucose oxidase, cata-

lase, lactanase, cytochrome P450 monooxygenase and

ligninolytic enzymes. Cytochrome P450 monooxygenase

is coupled to NADPH reductase, which works as a source

of electrons for oxidation reactions. Its system plays a

central role in the oxidative metabolism as well as in the

detoxification of xenobiotics. The enzyme catalyses the

epoxidation of the aromatic ring, producing arene oxides

that are formed through the epoxide hydrolase trans-di-

hydrodiols or rearranged nonenzymatically to form phe-

nols (Marinho et al. 2011) Therefore, this enzymatic

system must have been activated, promoting the partial

degradation of methylparathion. The enzymatic action of

the fungus may have been responsible for the degradation

of methylparathion.

Conclusion

RSM was used in this study to establish the optimum:

variables: initial pH, time, culture temperature and

Fig. 7 UV–Vis–NIR spectroscopic scanning profile of MP degrada-

tion by Fusarium sp mpd-1 at different treatment time (h)

Fig. 8 HPLC profiles of methylparathion biodegradation by Fusarium sp mpd-1 after 144 h a control and b treated after 144 h
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agitation for methylparathion biodegradation. It was con-

cluded that the optimal conditions for methylparathion

biodegradation are pH 6.5 and 30 �C temperature and

agitation at 120 rpm for 144 h of incubation period. The

predicted extent of methylparathion biodegradation by the

strain Fusarium sp under these optimum conditions was 93

%, and the experimental results were in close agreement

with this prediction. The predicted results from the

response surface model for methylparathion removal (93

%), COD removal (80 %), TOC removal (58 %) and the

growth in dry biomass (150 mg/L) were found at optimum

conditions in biotreated MSM with 1,000 mg/L of meth-

ylparathion. The predicted optimal and experimentally

measured methylparathion removal efficiencies agreed

well with high coefficients of determination (R2 = 0.9); the

COD removal and TOC removal (R2 = 0.9) also agreed

well. Moreover, the growth of the fungal strain in terms of

its dry biomass also agreed well. Hence, this study was an

attempt at methylparathion removal using Fusarium strain

with RSM model; it has helped to recognize the important

operating variables and optimum levels with least effort

and time. The isolate of the present study was found to

have potential in methylparathion removal at optimized

condition and is suggested for biotreatment of methyl-

parathion wastewater. This study will form the basis for

further exploitation of this fungus, grown on suitable sub-

strates, in biofiltration systems for the treatment of pesti-

cide wastewaters.
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