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bstract

A facile, rapid and sensitive spectrophotometric method was developed for the determination of fenitrothion in its formulations, water, food
rain and agriculture soil samples with newly synthesised reagent. The method was based on the alkaline hydrolysis of fenitrothion pesticide and
esultant hydrolysed product of fenitrothion was coupled with diazotised 4,4′-methylene-bis-(p-amino-3′-hydroxybenzanilide) in basic medium
o give orange coloured product having λmax 480 nm. The formation of coloured derivatives with the coupling agent is instantaneous and stable
or 48 h. Beer’s law was obeyed in the concentration range of 0.1–19.0 �g ml−1. The proposed method is sensitive, easy to operate and permitted
he determination of fenitrothion with a detection limits of 0.085 �g ml−1. The experimental results indicate that the procedure can eliminate the

TED

undamental interferences caused by other pesticides and non-target ions, which made these methods more sensitive and selective. The method
as applicable to the determination of fenitrothion residue in water, food grain and soil samples up to ng level.
2006 Elsevier B.V. All rights reserved.

eywords: Fenitrothion; 4,4′-Methylene-bis-(p-amino-3′-hydroxybenzanilide); Diazotization method; Spectrophotometry; Water; Food grain and agriculture soil
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. Introduction

Fenitrothion (o,o-dimethyl-o,p-nitro-3-methylphenyl phos-
horothionate) belongs to an organophosphorus pesticide,
xtensively applied on crops. Fenitrothion is a contact and stom-
ch poison and it destroys soil pests, coleoptera, cockroaches and
ther pests in buildings. In agricultural it is used for seed, dress-
ng and granular formulations for the control of soil, pests and
ome foliar pests particularly effective against rice stem borers
nd with some effect against red spider mites. The insecticide
ctivity of fenitrothion has been summarized by schmitt [1]. It
s slightly toxic to mammals [2] and also wild birds [3]. Burt
4] studied the biophysical aspects of nervous activity in rela-

ETR

ion to the mode of action of organophosphate, which effect
he transmission of nerve impulses from one cell to another.
ue to indiscriminate application, it finds a way into surface
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ater bodies, through agriculture runoff and municipal waste
ater systems by ingestion and inhalation. Finally, it reaches

he human system. Many methods have been developed for the
etermination of fenitrothion [5–15]. The spectrophotometric
ethods based on the using diazotization in the presence of oxi-

ising agents and its metabolites by various alkaline hydrolysis
f the pesticides have been determined [16–21].

In view of its wide applicability still there is a need for the
evelopment of sensitive and reliable methods for the assess-
ent of quality of insecticide formulations and the quantitative

esidual analysis of fenitrothion. The present paper deal with
simple, sensitive and economical spectrophotometric method

or the determination of fenitrothion in its formulations, water
nd Agriculture soil samples. Here authors successfully synthe-
ised a new reagent, 4,4′-methylene-bis-(p-amino-3′-hydroxy
enzanilide) for determination of fenitrothion based on the

ydrolysed product followed by diazotization. These methods
ffers better advantages of sensitivity, selectivity and repro-
ucibility than the reported methods [22]. The quantitative and
ualitative estimation of these pesticides in their formulations,

mailto:chiranjeevipattium@gmail.com
dx.doi.org/10.1016/j.jhazmat.2006.11.047


5 Haza

w
s

2

2
h

s
h
w
s
s
r
C
6
a

d
T
r
8
t
a
fi
g
m
y
N

w
d
w
t
S
r
d
w
t
t
o
i
e
b
t
t
a
fi
y
8
y
N

2

2 P. Subrahmanyam et al. / Journal of

ater (spiked), food grains (wheat and rice) and agriculture soil
amples were determined.

. Experimental

.1. Synthesis of 4,4′-methylene-bis-(p-amino-3′-
ydroxybenzanilide)

10.91 g of 3-hydroxy aniline (m-hydroxy aniline) was dis-
olved in 125 ml aqueous methanol and 25 ml of 36.5%
ydrochloric acid at 50 ◦C. The reaction mixture was then treated
ith 35 ml of 3% aqueous formaldehyde solution at 60 ◦C with

tirring for 1 h and neutralised with 10% sodium hydroxide. The
olid obtained was filtered, washed with hot water, dried and
ecrystalized from acetic acid (mp 132–134 ◦C; yield, 87%) MF:
13H14N2O2 and elemental analysis of Calculated(found): C-
7.82 (67.79), H-6.08 (6.04), N-12.17(12.13), O-13.91(13.87)
s shown in Scheme 1a.

2.3 g (0.01 mol) of 4,4′-methylene-bis-m-hydroxyaniline was
issolved in 20 ml of DMF in 250 ml round bottomed flask.
o this add 3.7 g (0.02 mol) of p-nitro benzylchloride. Heat the
eaction mixture on water bath maintaining the temperature at
0–90 ◦C for 2–3 h. Then reaction mixtures was cooled and pour
he liquid residue with stirring into cold water by simultaneous
ddition of 1%(w/v) sodium carbonate solution. The product was
ltered off and washed thoroughly. It was then recrystalized from

lacial acetic acid in yellowish brown needles. Yield is 86% and
elting point is 225–228 ◦C. MF: C27 H20N4O8 elemental anal-

sis of calculated (found): C-61.36(61.31)%, H-3.78(3.70)%,
-10.60(10.54)%, O-24.24(24.23)% as shown in Scheme 1b.

q
L
f

Scheme 1. (a) Synthesis of 4,4′-methylene-bis-m-hydroxy aniline. (b) S
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rdous Materials 146 (2007) 51–57

4.49 g (0.0085 mol) of 4,4′-methylene-bis-m-hydroxyaniline
as taken in a round bottom flask, fitted with a reflux con-
enser. 11.57 g (0.019 mol) of powdered tin and 25 ml of HCl
as introduced to the above. Heat the mixture gently until

he reaction commences, and then the heating was stopped.
hake well, and after about 25 min, most of the tin will have
eacted and clear solution remains. It was allowed to cool and
ecant the liquid into beaker and it was washed with 15 ml of
ater, the washings are added the content of beaker. Concen-

rated ammonia solution was added to the above, to alkaline
o litmus and digest the suspension of precipitated hydrated tin
xide on a steam bath for 20 min. The filtrate was transferred
nto beaker and heated on water bath with 200 ml of water to
nsure extraction of product and refilter. Concentrate the com-
ined filtrate and washings until the volume has been reduced
o 175–200 ml filter off any solid, which separates. Acidify
he liquid to litmus with glacial acetic acid and evaporate on

water bath until crystal commence to separate, cool in ice,
lter the crystals at the pump and dry in the steam oven. The
ield of 4,4′-methylene-bis-(p-amino-3′-hydroxybenzanilide) is
4%, mp 198–202 ◦C. MF: C27 H24N4O4 elemental anal-
sis of calculated(found): C-69.23(69.21)%, H-5.12(5.09)%,
-11.96(11.94)%, O-13.67(13.63)% as shown in Scheme 2.

.2. Apparatus and reagents

TED

A HITACHI U 2001 spectrophotometric with 1.0 cm matched

uartz cells were used for all absorbance measurement. An Elico
i-29 model pH metre with combined glass electrode was used

or pH measurements.

ynthesis of 4,4′-methylene-bis-(p-amino-3′-hydroxybenzanilide).

C
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Scheme 2. Reaction mechanism of the 4,4′-methylin

All the chemicals and reagents used were of analytical
eagent grade and double-distilled water was used through
ut experiments. The reagents like sodium hydroxide, sodium
itrate, potassium carbonate, anhydrous sodium sulphate and
Cl were purchased from S.D. fine chemicals, Mumbai, India.3-
ydroxy aniline, acetone, formaldehyde, p-nitrobenzylchloride,
ethanol, chloroform and tin were purchased from Merck
hemicals, Mumbai, India. The technical grade samples of fen-

trothion pesticide in the form of 50% wettable powder and 75%
C were obtained from Bayer India Ltd., Mumbai, India. The

eagents like sodium hydroxide (2%), sodium nitrate (0.3%), 1N
Cl were prepared. The solvents like methanol, chloroform, ace-

one were purified and employed for the present investigation.

.2.1. Stock fenitrothion solution (1 mg ml−1)
A stock solution (1 mg ml−1) of fenitrothion (Rallis India

imited, Bangalore, India) was dissolved in methanol and work-
ng standard solution (10 �g ml−1) was prepared by appropriate
ilution with distilled water.

.2.2. 4,4′-Methylene-bis-(p-amino-3′-hydroxybenzanilide)
2%)

4,4′-methylene-bis-(p-amino-3′-hydroxybenzanilide) (2%)
as prepared by dissolving 2 g of 4,4′-methylene-bis-(p-amino-
′-hydroxybenzanilide) was dissolved in 20 ml of 5 M HCl and
hen made up to 100 ml with distilled water.

RETR
.2.3. Potassium carbonate solution (0.1 M)
Potassium carbonate solution (0.1 M) was prepared by dis-

olving 1.3821 g of Potassium carbonate in distilled water and
iluted to 100 ml.

4
p
c
c

(p-amino-3′-hydroxybenzanilide) with fenitrothion.

.2.4. Sodium hydroxide solution (2%)
Sodium hydroxide solution (2%) was prepared by dissolving

g of sodium hydroxide in distilled water and diluted to 100 ml.

.2.5. Sodium nitrate solution (0.3%)
Sodium nitrate solution (0.3%) was prepared by dissolving

.3 g of sodium nitrate in distilled water and diluted to 100 ml.

.2.6. 1N HCl solution
1N HCl solution was prepared by diluting concentrated HCl

ith distilled water.

.2.7. Buffer (pH 7.8–10.5)
An amount of 3.4 ml concentrated sulphuric acid is added to

50 ml distilled water in a 500 ml flask. Twenty-five grams of
ono potassium dihydrogen phosphate is added to this, shaken

ntil dissolution is complete and diluted to 500 ml for pH 7.8 –
0.5.

.3. Procedure for the determination of fenitrothion
esidues

The coloured derivatives of fenitrothion were prepared by
zo coupling reaction, 20 ml of fenitrothion standard solu-
ion was taken in a clean dry 100 ml beaker, 5 ml of 2%
aOH solution was added and kept for 20 min for complete
ydrolysis to yield 3-metyl-4-nitro phenol. Diazonium salt

CT
,4′-methylene-bis-(p-amino-3′-hydroxybenzanilide) was pre-
ared using 4 ml of 0.3% NaNO2 and 4 ml of 1N HCl for
oupling reaction at 0–5 ◦C. The reaction mechanism of the
olour compounds was shown in Scheme 2. The pH of the
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Fig. 1. Absorption spectra of the fenitrothion. (1) Fenitrothion + 4,4′-methylene-
bis-(p-amino-3′-hydroxy benzanilide), (2) reagent blank.

Table 1
Optical characteristics, precision and accuracy of the method with coupling
reagent 4,4′-methylene-bis-(p-amino-3′-hydroxybenzanilide)

Optical characteristics Diazotization method

Concentration range (�g ml−1) 0.1–19.0
λmax (nm) 480
Color Orange
Limit of Detection (�g ml−1) 0.085
Limit of Quantification (�g ml−1) 3.027
Stability of the color (h) 48 h
Molar absorptivity (l mol−1 cm−1) 1.959 × 104

Sandell’s sensitivity (�g cm−2) 0.0197

Regression equation (Y = bx + a)
Slope (b) 0.0219
Intercept (a) 0.0112
Standard error (%) 0.0010
Standard deviation (S.D.)a 0.267
Correlation coefficient 0.9994
Relative error (%) 1.0

a Calculation for five samples containing same amount of fenitrothion, where
x

r
f
a
w
f
a
(

Fig. 2. Effect of pH on diazotization method for determination of fenitrothion.

Table 2
Determination of fenitrothion in it is insecticidal formulation using coupling
agent 4,4′-methylene-bis-(p-amino-3′-hydroxybenzanilide)

Formulation 4,4′-methylene-bis-(p-amino-3′-
hydroxy benzanilide)

5% dust 4.92 ± 0.04
2
7

2
f

t
b
(
w
a
s

2
w

r
methanol in two methods under study which are given in
the Table 3. The spiked water samples were extracted with
chloroform. The combined extracts were washed with 0.1 M

T
R

S

1
2
3
4
5
6

A
ED
is the concentration in �g ml−1.

eaction was maintained between 7.8 and 10.5. The spectra
or the above reactions were recorded in the UV–vis region
s shown in Fig. 1 and optical, precision and accuracy data
as shown in Table 1. Beer’s law was obeyed over the range

rom of 0.1 to 19.0 �g ml−1. This data was used for the
nalysis for water, food grain and agriculture soil samplesETR

Fig. 2). p

able 3
ecovery of fenitrothion residue from spiked water samples

ample number Diazotisation method

Taken (�g ml−1) Found (�g ml−1) Recov

25.70 25.48 99.14
50.50 50.40 99.80
75.60 75.36 99.68

100.30 100.10 99.80
125.40 125.20 99.84
150.50 150.30 99.86

a n = 5.

R

5% wettable powder 24.89 ± 0.03
5% EC 74.91 ± 0.01

.4. Procedure for the determination of fenitrothion in its
ormulations

Fenitrothion in 50% wettable powder, 75% EC and 98.7%
echnical grade were analysed using the aforesaid procedure
y coupling with diazotized compound of 4,4′-methylene-bis-
p-amino-3′-hydroxybenzanilide). The method was compared
ith already reported methods in the literature [22]. Percent-

ge recovery of the fenitrothion in the above formulations was
hown in Table 2.

.5. Procedure for the determination of fenitrothion in
ater samples

The water samples were spiked with concentrations in the
anges from 30.70 to 150. Fifty micrograms per milliliter in

CT
otassium carbonate solution to break any emulsion formed

Reported method [22]
recovery ± S.Da (%)

ery ± S.Da (%) F-test t-Test

± 0.08 0.95 0.24 99.10 ± 0.09
± 0.09 1.00 0.25 97.60 ± 0.08
± 0.08 0.88 0.45 99.50 ± 0.09
± 0.07 0.72 0.18 99.70 ± 0.06
± 0.09 0.54 0.28 99.67 ± 0.05
± 0.06 0.53 0.11 99.80 ± 0.08



Hazardous Materials 146 (2007) 51–57 55

d
p
s
t
e

2
g

i
c
t
i
a
w
f
w
t
T

2
a

S
w
T
r
m
d
p
t
p

3

c
s
i
w
i
f
s
(
(
t
i
r
r
l
m
o
a
r
d

ni
tr

ot
hi

on
re

si
du

e
fr

om
gr

ai
n

sa
m

pl
es

(r
ic

e
an

d
w

he
at

)

r
D

ia
zo

tis
at

io
n

m
et

ho
d

R
ep

or
te

d
m

et
ho

d
[2

2]
re

co
ve

ry
(%

)

R
ic

e
W

he
at

R
ic

e
W

he
at

Ta
ke

n
(�

g
m

l−
1
)

Fo
un

d
(�

g
m

l−
1
)

R
ec

ov
er

y
±

S.
D

a
(%

)
F

-t
es

t
t-

Te
st

Ta
ke

n
(�

g
m

l−
1
)

Fo
un

d
(�

g
m

l−
1
)

R
ec

ov
er

y
±

S.
D

a
(%

)
F

-t
es

t
t-

Te
st

50
.1

0
50

.0
0

99
.8

0
±

0.
18

2
1.

00
0

3.
51

6
48

.9
5

48
.8

6
99

.8
0

±
0.

09
1

0.
28

4
2.

49
4

94
.0

0
±

0.
18

2
97

.5
0

±
0.

18
2

10
0.

20
10

0.
12

99
.9

2
±

0.
18

2
0.

58
3

1.
17

0
88

.1
2

86
.9

4
98

.7
9

±
0.

56
0

0.
01

3
2.

21
4

98
.0

0
±

0.
25

8
98

.1
0

±
0.

09
1

15
0.

30
15

0.
15

99
.5

0
±

0.
15

0
0.

75
4

0.
32

2
13

7.
42

13
6.

84
99

.6
0

±
0.

18
2

0.
28

4
0.

47
4

99
.0

0
±

0.
18

2
99

.3
2

±
0.

09
1

20
0.

40
20

0.
28

99
.7

0
±

0.
18

2
0.

28
4

0.
50

4
18

4.
81

18
4.

17
99

.6
7

±
0.

07
0

0.
67

7
0.

29
0

99
.0

5
±

0.
09

1
99

.4
5

±
0.

09
1

25
0.

50
25

0.
40

98
.5

0
±

0.
56

7
0.

09
4

0.
95

2
30

2.
14

30
0.

30
99

.4
0

±
0.

18
2

0.
28

4
0.

39
4

97
.5

0
±

0.
18

2
99

.2
0

±
0.

09
1

30
0.

60
30

2.
04

99
.3

0
±

0.
18

2
1.

00
0

0.
21

6
30

3.
14

30
1.

30
99

.4
0

±
0.

09
1

1.
00

0
0.

24
1

98
.9

0
±

0.
18

2
99

.2
5

±
0.

09
1

ACTED
P. Subrahmanyam et al. / Journal of

uring the extraction and dried over anhydrous sodium sul-
hate. Finally, chloroform was evaporated to dryness on a
team bath and the residue was dissolved in methanol and
he amount was determined using the procedures described
arlier.

.6. Procedure for the determination of fenitrothion in
rain samples (wheat and rice)

The grain samples (rice and wheat) of 50 g each were taken
n warming blender and blended for 5 min with 100 ml of
hloroform. The samples were spiked with different concen-
rations of insecticide ranges from 45.94 to 304.20 �g ml−1

n methanol and blended for 3 min chloroform was filtered
nd the residue was retained. The residue was washed twice
ith 10 ml of chloroform and blended for 3 min. The chloro-

orm extracts were evaporated on a steam bath and the residue
as dissolved in methanol and the amount was determined by

he procedure outlined earlier. The results are summarised in
able 4.

.7. Procedure for the determination of fenitrothion in
griculture wastewater and soil samples

Agriculture wastewater samples (10 ml) were collected from
.V. Agricultural Research Station, Tirupati, India and the
ater samples were extracted with chloroform (2 ml × 10 ml).
he chloroform extracts was then evaporated to dryness under

educed pressure and the residue was dissolved in 25 ml of 50%
ethanol and amount of the fenitrothion was determined by the

escribed procedure earlier. Ten grams of agricultural soil sam-
les was extracted according to the reported method [22] and
he amount of the fenitrothion was analysed by the aforesaid
rocedure.

. Results and discussions

Table 1. Shows that the formation of coloured products to the
oupling reaction of the pesticide sample with the reagents under
tudy are instantaneous and stable for a reasonable period of time
ndicates its advantage over reported methods [22]. Beer’s law
as obeyed in the concentration range from 0.1 to 19 �g ml−1

ndicating low Sandell’s sensitive values. The results obtained
or fenitrothion (Table 1) was reproducible with low relative
tandard deviations ranges from 0.257. Limit of quantification
LOQ) is determined by taking the ratio of standard deviation
σ) of the blank with respect to water and the slope of calibra-
ion curve (s) multiplied by a factor of 3. This means that LOQ
s approximately three times limit of detection (LOD). Natu-
ally, the LOQ slightly crosses the lower limit of Beer’s law
ange. However, LOD is well below the lower limit of Beer’s
aw range. The upper limit of the Beer-Lambert’s range is deter-
ined by a plot of absorbance against concentration at the value

RETR
f λmax. Beyond this limit the correlation results were strongly
ffected. The correlation coefficient values obtained for this
eaction was very close to unity suggesting that the absorbance
epends upon the concentration of the fenitrothion. The values Ta
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Table 5
Comparison of fenitrothion in its formulations and environmental samples

Samples Fenitrothion
added (�g ml−1)

Proposed method Reported method [22]
recovery ± S.Da (%)

Found (�g ml−1) Recovery ± S.Da (%) F-test t-Test

Formulation
5% dust – 4.91 98.90 ± 0.14 0.286 4.29 94.50 ± 0.08
25% wettable powder – 24.25 99.28 ± 0.13 0.321 4.71 95.50 ± 0.08
75% EC – 74.21 98.77 ± 0.08 0.929 4.22 97.62 ± 0.07

Water samplesb

Spiked water 9.0 8.86 98.77 ± 0.08 0.929 4.22 97.62 ± 0.07
Natural water 9.0 8.92 99.44 ± 0.11 0.754 0.32 97.50 ± 0.182

Food grains
Rice 15.0 14.81 98.00 ± 0.14 0.013 2.214 97.70 ± 0.182
Wheat 15.0 14.75 98.73 ± 0.09 0.094 0.952 98.50 ± 0.567

Agricultural soil samplesc

Sample 1 25.0 24.38 98.40 ± 0.09 0.752 0.322 96.73 ± 0.13
Sample 2 25.0 24.31 98.10 ± 0.07 0.091 0.950 97.70 ± 0.182

Recovery in%, amounts of insecticide in �g.

rupat
istric
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a Average values for n = 6.
b Agricultural samples collected from S.V. Agricultural Research Institute, Ti
c Agricultural samples collected from mallam, Chittamuru Mandal, Nellore D

btained for the relative standard deviation and percentage error
uggest that these new procedures offer a good precision and
ccuracy.

The data included in Table 2 shows that the active ingredient
resent in the formulations of fenitrothion can be successfully
etermined spectrophotometrically using the new reagent. The
esults of these recoveries reveal that the amounts close to the
anufacturer’s specifications and these are favourably com-

ared with the method reported in the literature [22] was shown
n Table 5. These observations suggested that the other ingredi-
nts present in these formulations do not interfere. Hence, the
ethods can be adopted as an additional method for a routine

ontrol of the purity of the commercial insecticide formulations.
he data presented in Tables 3 and 4 suggested that the percent-
ge of pesticide recovery from fortified water and grain samples
ange from 97.70 to 99.90%. The Tables 3 and 4 indicates that
he percentage recovery of the fenitrothion from water and grain
amples is as follows: water samples > wheat samples; wheat
amples > rice samples; water samples > rice samples.

These methods reveal that the percentage recovery of the
enitrothion in food grains was observed as rice > wheat.

It is evident from the tables that the proposed methods are
imple, convenient, rapid and sensitive. More over, these meth-
ds do not involve elaborate cleanup procedures as is required
y the other methods. Hence, our proposed methods describe
ere would serve as additional techniques for the estimation of
he fenitrothion in spiked water, food grain and agriculture soil
amples.

.1. Analytical application

RETR
The proposed methods were applied to the determination of
enitrothion in spiked water, food grain (rice and wheat) and
griculture soil samples. The results obtained were in good
greement with the reported method [22] was given in Table 5.

f
t
T

i, AP, India.
t, AP, India.

. Conclusion

The present methods describes simple analytical proce-
ure for the determination of fenitrothion in its formulations,
ortified water and food grains. The comparison of the pro-
osed method with the other methods or the determination
f fenitrothion by spectrophotometry was given in Table 5.
he preparation of the coupling reagent 4,4′-methylene-bis-

p-amino-3′-hydroxybenzanilide) is simple and convenient to
ynthesis in any ordinary laboratory. The color derivatives of
he fenitrothion are more stable than the other reported methods
22].

The proposed method has the following distinct advantages:

(i) Simplicity in synthesis of color forming reagent at ordinary
laboratories for determination of fenitrothion.

ii) The results of the fenitrothion recovery from spiked water
and food grain samples with the reagents have good agree-
ment results than the reported methods in the literature [22].

ii) The proposed methods can be applied routine control for the
determination of fenitrothion in its commercial formulations
and environmental samples.

iv) All the non-target species do not interfere with the present
method.

v) The statistical analysis of the results indicate that the present
method have good precision, accuracy and the present
method do not involve elaborated clean up procedure as
required by the other methods.

cknowledgements

CTE
The authors are grateful to Bayer (India) Ltd., Bombay,
or the supply of technical grade fenitrothion and the Head of
he Department, Department of Biotechnology, S.V. University,
irupati for providing instrumental facility to carry out this work.



Haza

R [
[
[
[
[
[

[
[
[

P. Subrahmanyam et al. / Journal of

eferences

[1] J.B. Schmitt, Ann. Rev. Entomol. 7 (137) (1962).
[2] J. Drabek, J. Pelikan, J. Chem. Prum. 6 (1956) 293.
[3] J. Narahashi, Adv. Insect. Physiol. vol. 1, London, New York, Acadamic

press, 175, 1964.
[4] P.E. Burt, Pestic. Sci. 1 (1970) 88.
[5] M. Lurini, A. Lagan, N.M. Petronion, M.V. Russo, Talanta 27 (1980) 45.
[6] E. Morlthoff, Phanzenschutz-Nachr, Am., Ed. 21 (1968) 331.
[7] V.L. Kurunshkin, Y.N. Bogoslowvskil, Y.N. Aif Saint, J. Chromatorgr. 58
(1982) 10.
[8] Y. Aoki, M. Takeda, M. Vchiyama, J. Assoc. Offic. Anal. Chem. 58 (1976)

1286.
[9] D.C. Abbott, J.O.C. Bunidge, J. Thomas, K.S. Webb, Analyst 93 (1967)

170.

[
[
[
[

RETRA
rdous Materials 146 (2007) 51–57 57

10] G.W. Ivic, J.E. Casida, J. Agric. Food Chem. 19 (1971) 405.
11] H. Stan, H.J. Goebel, J. Chromatogr. 268 (1983) 55.
12] B.S. Attri, J. Ent., Abstract Ent. News Lett. (India) 6 (1976) 37.
13] M. Umeda, J. Pharm. Soc. Jpn. 83 (1963) 951.
14] C.S.P. Sastry, D. Vijaya, Talanta 34 (1986) 372.
15] D.K. Das, T.V. Mathew, A.K. Mukherjee, S.N. Mitra, J. Food Sci. Technol.

7 (1970) 62.
16] S.N. Deshmuckh, T.S. Sidhu, J. Food Sci. Technol. 11 (1974) 81.
17] N. Ramakrishna, B.V. Ramachandra, Analyst 101 (1976) 528.
18] C.S.P. Sastry, D. Vijaya, J. Food Sci. Technol. 23 (1986) 336.

19] P. Murthy, N. Krishna, Bull. Environ. Contam. Toxicol. 32 (1984) 59.
20] Y. Nishizawa, Bull. Agric. Chem. Soc. Jpn. 24 (1960) 744.
21] Y. Nishizawa, J. Agric. Biol. Chem. 25 (1961) 605.
22] M.V. Norris, E.W. Easter, L. Fuller, E.J. Kuchar, J. Agric. Food Chem. 6

(1958) 111.

CTED


	Simple, selective and sensitive spectrophotometric determination of fenitrothion using novel chromogenic reagent
	Introduction
	Experimental
	Synthesis of 4,4´-methylene-bis-(p-amino-3´-hydroxybenzanilide)
	Apparatus and reagents
	Stock fenitrothion solution (1mgml-1)
	4,4´-Methylene-bis-(p-amino-3´-hydroxybenzanilide) (2%)
	Potassium carbonate solution (0.1M)
	Sodium hydroxide solution (2%)
	Sodium nitrate solution (0.3%)
	1N HCl solution
	Buffer (pH 7.8-10.5)

	Procedure for the determination of fenitrothion residues
	Procedure for the determination of fenitrothion in its formulations
	Procedure for the determination of fenitrothion in water samples
	Procedure for the determination of fenitrothion in grain samples (wheat and rice)
	Procedure for the determination of fenitrothion in agriculture wastewater and soil samples

	Results and discussions
	Analytical application

	Conclusion
	Acknowledgements
	References


