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Abstract

A facile, rapid and sensitive spectrophotometric method was developed f
grain and agriculture soil samples with newly synthesised reagent. The met]
resultant hydrolysed product of fenitrothion was coupled with diazotised
to give orange coloured product having Ap,x 480 nm. The formation of co
for 48 h. Beer’s law was obeyed in the concentration range of 0.1-19.0 pg

the determination of fenitrothion with a detection limits of 0.0§
fundamental interferences caused by other pesticides and non-
was applicable to the determination of fenitrothion residue in wa
© 2006 Elsevier B.V. All rights reserved.

Keywords: Fenitrothion; 4,4'-Methylene-bis-(p-aming
samples

(p-amino-3’-hydroxybenzanilide) in basic medium
ith the coupling agent is instantaneous and stable
method is sensitive, easy to operate and permitted
results indicate that the procedure can eliminate the

1. Introduction

ptera, cockroaches and

ach poison and it dest
\ it is used for seed, dress-

other pests ig

and with gpiicct 228t red spider mites. The insecticide
activity of othion has been summarized by schmitt [1]. It
is slightly tox%@R mammals [2] and also wild birds [3]. Burt
[4] studied the bi®physical aspects of nervous activity in rela-
tion to the mode of action of organophosphate, which effect
the transmission of nerve impulses from one cell to another.
Due to indiscriminate application, it finds a way into surface
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water bodies, through agriculture runoff and municipal waste
water systems by ingestion and inhalation. Finally, it reaches
the human system. Many methods have been developed for the
determination of fenitrothion [5-15]. The spectrophotometric
methods based on the using diazotization in the presence of oxi-
dising agents and its metabolites by various alkaline hydrolysis
of the pesticides have been determined [16-21].

In view of its wide applicability still there is a need for the
development of sensitive and reliable methods for the assess-
ment of quality of insecticide formulations and the quantitative
residual analysis of fenitrothion. The present paper deal with
a simple, sensitive and economical spectrophotometric method
for the determination of fenitrothion in its formulations, water
and Agriculture soil samples. Here authors successfully synthe-
sised a new reagent, 4,4’-methylene-bis-(p-amino-3'-hydroxy
benzanilide) for determination of fenitrothion based on the
hydrolysed product followed by diazotization. These methods
offers better advantages of sensitivity, selectivity and repro-
ducibility than the reported methods [22]. The quantitative and
qualitative estimation of these pesticides in their formulations,
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water (spiked), food grains (wheat and rice) and agriculture soil 4.49 g (0.0085 mol) of 4,4’-methylene-bis-m-hydroxyaniline
samples were determined. was taken in a round bottom flask, fitted with a reflux con-
denser. 11.57 g (0.019 mol) of powdered tin and 25 ml of HCl

2. Experimental was introduced to the above. Heat the mixture gently until
the reaction commences, and then the heating was stopped.

2.1. Synthesis of 4,4'-methylene-bis-(p-amino-3' - Shake well, and after about 25 min, most of the tin will have
hydroxybenzanilide) reacted and clear solution remains. It was allowed to cool and
decant the liquid into beaker and it was washed with 15 ml of

10.91 g of 3-hydroxy aniline (m-hydroxy aniline) was dis- ~ Water, the washings are added the content of beaker. Concen-

trated ammonia solution was added to hove, to alkaline

solved in 125ml aqueous methanol and 25ml of 36.5%
hydrochloric acid at 50 °C. The reaction mixture was then treated
with 35 ml of 3% aqueous formaldehyde solution at 60 °C with
stirring for 1 h and neutralised with 10% sodium hydroxide. The water to
solid obtained was filtered, washed with hot water, dried and the com-
recrystalized from acetic acid (mp 132-134 °C; yield, 87%) MF: i i i aPcen reduced
C13H14N>O; and elemental analysis of Calculated(found): C- to 175-200 ml filter ' parates. Acidify
67.82 (67.79), H-6.08 (6.04), N-12.17(12.13), 0-13.91(13.87)  the liquid to litmusdyi and evaporate on
as shown in Scheme 1a. a water bath u eparate, cool in ice,

2.3 2(0.01 mol) of 4,4'-methylene-bis-m-hydroxyanilinewas ~filter the cry in the steam oven. The
dissolved in 20ml of DMF in 250 ml round bottomed flask. ~ yieldof4.4 -3'-hydroxybenzanilide) is
To this add 3.7 g (0.02 mol) of p-nitro benzylchloride. Heat the F: C27 H24N4O4 elemental anal-
reaction mixture on water bath maintaining the temperature at
80-90 °C for 2-3 h. Then reaction mixtures was cooled and pour 96(11.94)%40-13.67(13.63)% as shown in Scheme 2.
the liquid residue with stirring into cold water by simultaneous
addition of 1% (w/v) sodium carbonate solution. The product was
filtered off and washed thoroughly. It was then recrystalized f
glacial acetic acid in yellowish brown needles. Yield is 86%
melting point is 225-228 °C. MF: C»7 Hy9N4Og elemental an
ysis of calculated (found): C-61.36(61.31)%, H-

1U 2001 spectrophotometric with 1.0 cm matched
were used for all absorbance measurement. An Elico
i-29 model pH metre with combined glass electrode was used
for pH measurements.

g Sy

4,4'-methylene - bis - m -hydroxy aniline

-2 HCI
e

Condensation
4. 4'-methylene - bis - m -hydroxy
aniline

OH H
4.4' -methylene-bis - ( p - nitro-3"-hydroxybenzanilide)

Sn/ HCI Reduction
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4,4' -methylene-bis - ( p - amino-3-hydroxybenzanilide)
(b)

Scheme 1. (a) Synthesis of 4,4'-methylene-bis-m-hydroxy aniline. (b) Synthesis of 4,4’-methylene-bis-(p-amino-3'-hydroxybenzanilide).
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Scheme 2. Reaction mechanism of the 4,4’-methyline-bi.

All the chemicals and reagents used were of an
reagent grade and double-distilled water was used th
out experiments. The reagents like sodium hydroxide, so

hydroxy aniline, acetone, formaldehyde,
methanol, chloroform and tin were

2.2.2. 4,4'-Meth
(2%)

4.4'-methylene-bis-(p-amino-3’-hydroxybenzanilide) (2%)
was prepared by dissolving 2 g of 4,4’-methylene-bis-(p-amino-
3/-hydroxybenzanilide) was dissolved in 20 ml of 5 M HCI and
then made up to 100 ml with distilled water.

e-bis-(p-amino-3'-hydroxybenzanilide)

2.2.3. Potassium carbonate solution (0.1 M)

Potassium carbonate solution (0.1 M) was prepared by dis-
solving 1.3821 g of Potassium carbonate in distilled water and
diluted to 100 ml.

( p - amino-3"-hydroxybenzanilide)

NO,

-amino-3'-hydr@benzanilide) with fenitrothion.

hydroxide solution (2%)
dium hydroxide solution (2%) was prepared by dissolving
dium hydroxide in distilled water and diluted to 100 ml.

2.2.5. Sodium nitrate solution (0.3%)
Sodium nitrate solution (0.3%) was prepared by dissolving
0.3 g of sodium nitrate in distilled water and diluted to 100 ml.

2.2.6. IN HClI solution
IN HCI solution was prepared by diluting concentrated HCI1
with distilled water.

2.2.7. Buffer (pH 7.8-10.5)

An amount of 3.4 ml concentrated sulphuric acid is added to
250 ml distilled water in a 500 ml flask. Twenty-five grams of
mono potassium dihydrogen phosphate is added to this, shaken

until dissolution is complete and diluted to 500 ml for pH 7.8 —
10.5.

2.3. Procedure for the determination of fenitrothion
residues

The coloured derivatives of fenitrothion were prepared by
azo coupling reaction, 20ml of fenitrothion standard solu-
tion was taken in a clean dry 100ml beaker, 5ml of 2%
NaOH solution was added and kept for 20 min for complete
hydrolysis to yield 3-metyl-4-nitro phenol. Diazonium salt
4,4'-methylene-bis-(p-amino-3’-hydroxybenzanilide) was pre-
pared using 4ml of 0.3% NaNO; and 4ml of IN HCI for
coupling reaction at 0-5°C. The reaction mechanism of the
colour 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~") 0.1-19.0
Amax (nm) 480
Color Orange
Limit of Detection (g ml~!) 0.085
Limit of Quantification (ugml~") 3.027
Stability of the color (h) 48h
Molar absorptivity (Imol~! cm™") 1.959 x 10*
Sandell’s sensitivity (ug cm™2) 0.0197
Regression equation (Y =bx+a)

Slope (b) 0.0219

Intercept (a) 0.0112
Standard error (%)
Standard deviation (S.D.)?
Correlation coefficient

Relative error (%)

 Calculation for five samples containing sa thion, where

x is the concentration in pgml~!.

5. The spectra
orded in the UV-vis region
j and accuracy data

was shown i obeyed over the range
from of ( s data was used for the
analysis grain and agriculture soil samples
(Fig. 2)

Table 3
Recovery of fenitrothion residue from spiked water samples

1.2 1

1A

0.8 4

0.6 4

Absorbance

0.4 4

0.2+
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Table 2
Determination of fenitr
agent 4,4’-methylene

Formulation
roxy benzanilide)

4.92 £ 0.04
24.89 £ 0.03
7491 £ 0.01

the determination of fenitrothion in its

thion in 50% wettable powder, 75% EC and 98.7%
technical grade were analysed using the aforesaid procedure
by coupling with diazotized compound of 4,4'-methylene-bis-
-amino-3’-hydroxybenzanilide). The method was compared
with already reported methods in the literature [22]. Percent-
age recovery of the fenitrothion in the above formulations was
shown in Table 2.

2.5. Procedure for the determination of fenitrothion in
water samples

The water samples were spiked with concentrations in the
ranges from 30.70 to 150. Fifty micrograms per milliliter in
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
potassium carbonate solution to break any emulsion formed

Sample number Diazotisation method

Reported method [22]

recovery £+ S.D?* (%)

Taken (g ml~ 1) Found (g ml~ 1) Recovery &+ S.D* (%) F-test t-Test
1 25.70 25.48 99.14 + 0.08 0.95 0.24 99.10 £ 0.09
2 50.50 50.40 99.80 &+ 0.09 1.00 0.25 97.60 £ 0.08
3 75.60 75.36 99.68 + 0.08 0.88 0.45 99.50 £ 0.09
4 100.30 100.10 99.80 &+ 0.07 0.72 0.18 99.70 £ 0.06
5 125.40 125.20 99.84 + 0.09 0.54 0.28 99.67 £ 0.05
6 150.50 150.30 99.86 + 0.06 0.53 0.11 99.80 + 0.08
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during the extraction and dried over anhydrous sodium sul-
phate. Finally, chloroform was evaporated to dryness on a 8 N
steam bath and the residue was dissolved in methanol and = 22222
the amount was determined using the procedures described z HHHHHAH
earlier. g § RE28E84
| = ENESARNRR-A
2.6. Procedure for the determination of fenitrothion in § o
grain samples (wheat and rice) g E § g % E E
3 HHHHAHH
The grain samples (rice and wheat) of 50 g each were taken é 3 S S el
in warming blender and blended for 5min with 100ml of 2 & 3 4
chloroform. The samples were spiked with different concen-
trations of insecticide ranges from 45.94 to 304.20 pgml~!
in methanol and blended for 3 min chloroform was filtered
and the residue was retained. The residue was washed twice
with 10 ml of chloroform and blended for 3 min. The chloro-
form extracts were evaporated on a steam bath and the residue
was dissolved in methanol and the amount was determined by
the procedure outlined earlier. The results are summarised in A A
Table 4. : gizgzé
E | HHHAHHH
2.7. Procedure for the determination of fenitrothion in 2 2235%8%
agriculture wastewater and soil samples ~ AR
Agriculture wastewater samples (10 ml) were collected from =
S.V. Agricultural Research Station, Tirupati, India ang 2EISIZIEER
water samples were extracted with chloroform (2 ml x 2I|¥FRERER
The chloroform extracts was then evaporated to dryness
reduced pressure and the residue was dissolved i o
methanol and amount of the fenitrothion was ¢ 5|s ‘g Fpa el i)
described procedure earlier. Ten grams of 3 s |8 EdR R R
ples was extracted according to the repd
the amount of the fenitrothion was 2 a3 as
= N =0 n oA
procedure. & R I =
3. Results and discussion; E § % E % § §
s ===
- S
< B
asonable period of time § 95 R E %
ethods [22]. Beer’s law ‘% i SSSssc o
nge from 0.1 to 19 pgml~! 8 % i i i 2 i i
e values. The results obtained = 2 |g3g3%g
as reproducible with low relative =
standard dS@ions ranges from 0.257. Limit of quantification § ~
(LOQ) is detcw@ined by taking the ratio of standard deviation § - -ch Sanxeog
(o) of the blank Wgh respect to water and the slope of calibra- ;’ % § PlSESgy
tion curve (s) multiplied by a factor of 3. This means that LOQ £ |E i
is approximately three times limit of detection (LOD). Natu- El é ~
rally, the LOQ slightly crosses the lower limit of Beer’s law @ = - [_E sg32g8g
range. However, LOD is well below the lower limit of Beer’s El2|8 |4 AR
law range. The upper limit of the Beer-Lambert’s range is deter- g Alxele = - aae
mined by a plot of absorbance against concentration at the value g 5
of Amax. Beyond this limit the correlation results were strongly b g
affected. The correlation coefficient values obtained for this <515 v
reaction was very close to unity suggesting that the absorbance 2 g TEL 2
depends upon the concentration of the fenitrothion. The values Ex a3 e T
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Table 5
Comparison of fenitrothion in its formulations and environmental samples

Samples Fenitrothion Proposed method Reported method [22]
added (g ml~1) 1 recovery £ S.D?* (%)
Found (pgml™) Recovery &+ S.D? (%) F-test t-Test
Formulation
5% dust - 491 98.90 £ 0.14 0.286 4.29 94.50 £ 0.08
25% wettable powder - 24.25 99.28 £ 0.13 0.321 471 95.50 £+ 0.08
75% EC - 74.21 98.77 £ 0.08 0.929 4.22 97.62 £ 0.07
Water samples?
Spiked water 9.0 8.86 98.77 £ 0.08 0.929
Natural water 9.0 8.92 99.44 + 0.11 0.754
Food grains
Rice 15.0 14.81 98.00 £ 0.14 0.013
Wheat 15.0 14.75 98.73 +£0.09 0.094
Agricultural soil samples®
Sample 1 25.0 24.38 98.40+0.09
Sample 2 25.0 2431 98.10+0.07

Recovery in%, amounts of insecticide in pg.
4 Average values for n=6.

b Agricultural samples collected from S.V. Agricultural Research Institute, Tirupati, AP, India.
¢ Agricultural samples collected from mallam, Chittamuru Mandal, Nellore District, AP, India.

obtained for the relative standard deviation and percentage error
suggest that these new procedures offer a good precision and
accuracy.

The data included in Table 2 shows that the active ingredi;
present in the formulations of fenitrothion can be success
determined spectrophotometrically using the new reagent.
results of these recoveries reveal that the amounts close to th

ents present in these formulations do
methods can be adopted as an addigi

samples is as follows:
samples >rice

ods do not invo laborate cleanup procedures as is required
by the other methd§r Hence, our proposed methods describe
here would serve as additional techniques for the estimation of
the fenitrothion in spiked water, food grain and agriculture soil
samples.

3.1. Analytical application

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

thods describes simple analytical proce-
ination of fenitrothion in its formulations,
and food grains. The comparison of the pro-
ethod with the other methods or the determination
thion by spectrophotometry was given in Table 5.
The 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
the fenitrothion are more stable than the other reported methods
[22].

The proposed method has the following distinct advantages:

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

(i) 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].

(iii) 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.
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