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SEPARATION AND IDENTIFICATION OF 
CERTAIN ORGANOPHOSPHOROUS 

PESTICIDES RESIDUES IN VEGETABLE 

Reena Kumar* and C. B. Sharma 
Department of Bioscience and Biotechnology 

University of Roorkee 
Roorkee-247 667, India 

ABSTRACT 

A rapid and  sensi t ive method using impregnated  th in  layer  
chromatography (TLC) for  de tec t ion  and es t imat ion  of organophos- 
phorous pes t ic ides  res idues  f r o m  vegetab le  has  been  developed. 
Compared  to  ordinary th in  layer  chromatography t h i s  method is 
f a s t e r  more  sensi t ive and  a c c u r a t e .  The cor re la t ion  with t h e  
Impregnant  (p-cresol) and  t h e  pes t ic ides  have  been  de termined  
by Infrared Spectroscopy.  

INTRODUCTION 

Unti l  1982, Separa t ion  of organo phosphorous pest ic ides  (1-5) had not 

been done  on impregnated  silica gel  plates. Reena  et.al. have  ear l ie r  repor ted  

t h a t  impregnat ion wi th  m e t a l  s a l t s  a n d  d i f fe ren t  phenols led t o  improved 

separa t ion  ( 6 ) .  I t  w a s  shown t h a t  p-cresol w a s  t h e  most  sa t i s fac tory  impre-  

gnent  for  TLC separa t ion  of organophosphorous pesticides. 

The isolat ion a n d  ident i f icat ion of pest ic ides  res idues present  in  food 

m a t e r i a l s  in  t r a c e s  i s  of g r e a t  nat ional  importance,  because  of t h e  indiscri- 

m i n a t e  use of pest ic ides  in agr icu l ture  by Indian fa rmers .  
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Although G L C  a n d  HPLC a r e  sensi t ive and  rapid methods,  t h e  impre-  

gna ted  TLC method descr ibed h e r e  i s  a s imple and  less  expensive technique  

which c a n  b e  adopted  for appl icat ion in most  rou t ine  control  laborator ies .  

In t h i s  paper  a u t h o r s  h a v e  s tudied t h e  ident i f icat ion of pest ic ides  in  food 

m a t e r i a l s  on impregnated  p l a t e s  a n d  t h e n  cor re la t ion  h a s  been  developed 

be tween t h e  pest ic ides  and  t h e  impregnant  by Infrared Spectroscopy.  

EXPERIMENTAL 

M a t e r i a l s  

Analyt ical  g r a d e  r e a g e n t s  w e r e  obtained f rom BDH. Recrystal l ized 

technica l  g r a d e  pes t ic ides  (supplied by Ci ty  Chemica l  Corporat ion,  N.Y ., 
Rall is  India Limited)  w e r e  used. 

TLC p l a t e s  (20 x 20 c m )  th ickness  0.5 m m  w e r e  c o a t e d  with a mixture  

of silica gel  g (50  g) and 0.5% (W/V) of p-cresol in w a t e r  (100 ml) and  t h e n  

a c t i v a t e d  at 60 f 1' for  24 hrs. 

E x t r a c t i o n  

The method h a s  b e e n  appl ied to, Malathion, Phora te ,  Dimethoate ,  

Methylazinphas . 

M a c r e a t e  50 g of chopped sample  (potato)  with 95 ml of e thyl  methyl  

ketone-cyclohexane mixture  (3:2) and 30 g. of anhydrous sodium su lpha te  for  

10 minutes ,  a l low t h e  mixture  t o  s e p a r a t e  and  d e c a n t  t h e  non-aqueous phase  

i n t o  a kunderna-Danish evapora tor  f i t t e d  with a round bot tom flask. R e p e a t  

t h e  decant ing  procedure  twice ,  e a c h  t i m e  with 95  ml of mixed solvant. Shake  

t h e  aqueous  res idue  with LOO ml of cyclohexane a n d  spin t h e  mixture  in  

centr i fuge.  Add t h e  separa ted  cyclohexane phase t o  non-aqueou i phase in 

t h e  evopora tor  a n d  r e d u c e  t h e  volume to  a b o u t  10 ml. Transfer  t h e  e x t r a c t  
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to  a separa t ing  funnel  a n d  add  400 ml of 2% sodium sulphate  solution. S e p a r a t e  

t h e  cyclohexane phase,  r e e x t r a c t  t h e  aqueous  phase with a fur ther  10 ml 

of cyclohexane.  S t i r  t h e  combined cyc lohexane  phase  with 20 g of anhydrous 

sodium sulphate  a n d  f i l t e r  t h e  e x t r a c t  th roJgh  a f i l t e r  paper  (Whatman No.1) 

i n t o  a n  evoporator  f i t t e d  with a 100 ml flask. Wash t h e  sodium sulphate  

with 3 successive 10 m l  port ions of cyclohexane,  add  t h e  washings t o  t h e  

evoporator  and  reduce  t h e  volume u p t o  1 ml. Remove t h e  appara tus ,  dr ied 

with a c u r r e n t  of dry air .  The residue w a s  dissolved in I ml of ace tone .  

A al iquot  (10 ul) of t h e  e x t r a c t e d  residue in a c e t o n e  w a s  spot ted  

on  a TLC pla te  ( impregnated with p-cresol 0.5% W/V) toge ther  with control  

organo phosphorous pest ic ides  and t h e  p l a t e  w a s  developed in a TLC jar 

containing t h e  solvent sys tem n-hexane-xylene-ethyl-acetate-acetone (50: 15: 

5:18). Whenthe  solvent  f r o n t  had moved 10 c m ,  t h e  p l a t e  w a s  removed,  

dr ied  at  room temp.  a n d  t h e n  exposed in  iodine vapours. Yellow spots  appeared  

on whi te  back ground. 

RESULTS AND DISCUSSION 

The hRf values  of t h e  spots  a r e  given i n  Table  1 along wi th  t h e  hRf 

values  on plain silica gel  plates. It ind ica tes  t h a t  t h e  solvent sys tem used 

provides  a c l e a r  separat ion of a l l  Q pest ic ides  on impregnated  plates.(Plate A). 

The d e t e c t i o n  l imit  for d i f fe ren t  pest ic ides  is in t h e  range  of 1-2.1 ,ug on 

impregnated  plate .  On impregnated  p l a t e  t h e  separa t ion  h a s  grea t ly  improved 

t h e  spots  a r e  compact ,  ta i l ing has  been  el iminated.  Fur ther  on 0.5% p-cresol 

impregnated  p l a t e  t h e  hRf values  a r e  general ly  l e s s  as compared  with plain 

silica plates .  This sugges ts  t h a t  t h e r e  i s  r a t h e r  weak in t rac t ion  be tween t h e  

pes t ic ides  and  t h e  impregnant .  

The organo phosphorous pes t ic ides  under t h i s  s tudy a r e  charac te r ized  

Therefore ,  t h e  separa t ion  by having lone  pair of e l e c t r o n s  on P and  S a toms.  
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TABLE 1 
hR values of organophosphorous pesticides on impregnated s i l i a p l a t e  
solvent system - n-hexane:xylene:ethylacetate:acetone (50: 15:5: 18) 

f 

I Pest ic ides  Detect ing Limit 
On plain 0.5% W/V (ug) 
silica gel p-cresol as 

G impregnant 

Malathinon 76 mT 72 2.1 

P h ora t e 98 85  1 .o 

Dimethoate 53 ST 45 2. I 

Methyl azinphos 15 ST 14 2. I 

mT = medium tailing 

ST = slight tailing 

On plain silica gel  - 10 c m  run in 35 mints. 

On p-cresol impregnated plate - 10 c m  run in 28 mints. 

Plate A 

1 .  Malathion 
2 .  Phorate 
3 .  Dime thoa t e  
4 .  Methyl azinphes 
5.  A mixture of organophosphorous pest ic ides  extract from vegetable. 
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of organo-phosphorous pes t ic ides  on p-cresol impregnated  p l a t e s  may be  

d u e  t o  hydrogen bond format ion  be tween t h e  hydrogen a t o m  of t h e  OH group 

of t h e  p-cresol and  P a n d  S a t o m s  of t h e  organo-phosphorous pesticides. 

Infrared spectroscopy o f f e r s  a sui table  method for  distinguishing be tween 

in t ramolecular  hydrogen bonding and  che la t ion  (very s t rong in t ramolecular  

hydrogen bonding). General ly ,  when a compound i s  examined  in g a s  phase 

or in every  d i lu te  solution in a non polar solvent, absolutely f r e e  0 - H  s t re tch ing  

absorpt ion bands appear  in t h e  spectrum. P r a c t i c a l  d i f fe ren t ia t ion  be tween 

t h e  var ious t y p e s  of hydrogen bonding i s  possible using inf ra red  spectrascopy.  

Intramolecular  hydrogen bonded a n d  che la ted  0 - H  s t re tch ing  absorpt ion band 

f requencies  a r e  unaf fec ted  by dilution. In contradict ion,  dilution of a n  in te r -  

molecular ly  hydrogen bonded hydroxylic compound in a non-polar solvent  

c a u s e s  a reduct ion  of t h e  in te rmolecular  bonding (7). Fur ther  a change  f rom 

in t ramolecular  t o  intermolecular  hydrogen bond should resul t  in  a n  upward 

shif t  of t h e  0 - H  band, t h e  magnitude of shif t  will b e  dependent  on t h e  s t rength  

of t h e  resul t ing band. 

The inf ra red  spec t ra  for t w o  of t h e  pest ic ides  (namely malathion and  

Phora te )  wi th  p-cresol mix tures  in d i f fe ren t  concent ra t ion  w e r e  recorded  on 

Beckman IR 20 spec t rophotometer  on chlor ide plates ,  

1 Intermolecular  hydrogen bond a p p e a r s  be tween 3200 - 3400 c m -  as a 

broad band a n d  in t ramolecular  hydrogen bond a p p e a r s  at 3500 c m -  , Both 

p-cresol a n d  a mixture  of p-cresol a n d  organo phosphorous pest ic ides  show 

i n t e m o l e c u l a r  hydrogen bonding. The in te rmolecular  hydrogen bonding i n  

p-cresol i s  much s t ronger  as compared  t o  one expec ted  in t h e  mixture .  

In t h e  case of p-cresol t h e  i n t e m o l e c u l a r  hydrogen bond a p p e a r s  at 3200 c m - l  

a n d  a n y  o ther  weak intevmolecular  hydrogen bond should appear  at higher 

f requencies .  I t  i s  assumed t h a t  t h e r e  i s  a weaker  hydrogen bond be tween 
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Fig.1. I. R. Spectra of 
(a) p-cresol- 
(b) 16.67 % Malathion and 83.33% p-cresol. 
(c)  33.3% Malathion and 66.7% p-cresd. 
(d) 41.1%Malathion and 58.9% p-cresol. 
(e) 60.0% Malathion and 40.0% p-cresol. 
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Fig.2. 1.R.Spectra of : 

x) 

(a) p-cresol 
(b) 16.67 Phorate and 83.33% p- cresol 
(c)33VoPhorate and 66.7% p-cresol 
(d) 411% Phorate and 58.9% p-cresol 
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TABLE 2 
Systematic shift t o  higher Frequencies on increasing the  concen- 
tration of Malathion in mixture 

*Percentage of *Presentage of Hydrogen bonded - OH 

p-cresol band cm-I malathion 

0 100 3200 

16.67 83.33 3340 

33.3 66.7 3380 

41.1 58.9 3400 

60 40 3420 

* The percentage a r e  in W/ W ratio. 

TABLE 3 
Systematic shift t o  higher frequencies on increasing the  
concentration of Phorate in mixture 

*Percentage of "Presentage of Hydrogen bonded - OH 
1 band cm- Phorate  p-cresol 

0 100 3200 

16.67 

33.3 

83.33 

66.7 

3350 

3360 

41.1 58.9 3360 

* The percentage a r e  in W/W ratio. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ORGANOPHOSPHOROUS PESTICIDES RESIDUES 3645 

p-cresol and  pesticide. The 3200 cm- '  band should, therefore ,  shows a syste-  

m a t i c  shif t  t o  higher f requencies  on increasing t h e  concent ra t ion  of t h e  

pes t ic ide  in t h e  mixture .  This i s  in f a c t  observed as i s  evident  f rom t h e  

d a t a  presented  in  Tables  2 a n d  3 (I.R. spec t ra  presented  in Figs. 1 a n d  2). 

On t h e  basis of inf ra red  spectroscopic  ev idence  obtained for  t h e  hydrogen 

bond format ion  be tween p-cresol and  organophosphorous pest ic ide,  i t  can,  

t h e r e f o r e  be  concluded t h a t  t h e  predominant  f a c t o r  responsible for adsorpt ion 

of organo phosphorous pes t ic ides  on  t h e  p-cresol impregnated  layer  should 

b e  hydrogen bond f o r m a t i o n  be tween t h e  two. 

The f inancial  ass i s tance  t o  one of t h e  a u t h o r s  (R.K.) by University 

G r a n t s  Commission (U.C.C.), New Delhi i s  g ra te fu l ly  acknowledged. 
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