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E x t r a c t i o n  and  c l e a n u p  of p e s t i c i d e  r e s i d u e s  f rom food c o n t a i n i n g  
f a t s  o r  oils  h a s  b e e n  a cha l l enge  to t h e  r e s i d u e  a n a l y s t .  Use  of  
t h e  r e c o m m e n d e d  p r o c e d u r e s  in  s e c t i o n  211 of  t h e  P e s t i c i d e  
A n a l y t i c a l  Manual  (1982) r e q u i r e  t h a t  t h e  f a t s  f i r s t  b e  i so l a t ed  
f r o m  the  p r o d u c t  fol lowed b y  an e x t r a c t i o n  of t he  r e s i d u e s  f rom 
the  f a t s .  Such  a t t e m p t s  u s u a l l y  r e s u l t  in the  f ina l  e x t r a c t s  
c o n t a i n i n g  e n o u g h  f a t  to i n t e r f e r e  wi th  t he  g a s  c h r o m a t o g r a p h i c  
(GC)  d e t e r m i n a t i o n .  Add i t iona l  c l e a n u p s  a r e  r e q u i r e d  which  a r e  
n o t  a l w a y s  s u c c e s s f u l  a t  r e c o v e r i n g  t h e  fu l l  a m o u n t  of  t h e  
p e s t i c i d e  r e s i d u e .  In  a d d i t i o n ,  t h e  a n a l y t i c a l  t ime r e q u i r e d  fo r  
b o t h  the  fa t  i so la t ion  and  c l e a n u p s  a r e  ex t ens ive , ,  l imi t ing  the  
n u m b e r  of  s a m p l e s  t h a t  can  b e  a n a l y z e d .  

S e v e r a l  a t t e m p t s  h a v e  b e e n  m a d e  to  i m p r o v e  t h i s  p r e v a i l i n g  
s i t u a t i o n .  Eide lman (1962) d e v e l o p e d  a c l e a n u p  u s i n g  d i m e t h y l  
s u l f o x i d e  a f t e r  t he  f a t  was  i so la ted  which  took  6 h r  p e r  s ample  
a n d  could  be  d a n g e r o u s  u n d e r  c e r t a i n  c o n d i t i o n s .  McCul ley  & 
McKinney (1964) repor ted  a lengthy  low tempera ture  fat p rec ip i ta t -  
ion  m e t h o d  u n s u i t e d  fo r  r o u t i n e  u s e .  Onley  & B e r t u z z i  (1966) 
d e m o n s t r a t e d  t h e  u s e  of  c a l c i u m  s t e a r a t e  to  c o a g u l a t e  f a t t y  
c o n s t i t u e n t s .  T h i s  m e t h o d ,  h o w e v e r ,  i n v o l v e d  t h e  u s e  of  an  
u n s t a b l e  e x t r a c t i o n  m i x t u r e  and  a t ime c o n s u m m i n g  d o u b l e  
e x t r a c t i o n .  R o g e r s  (1972) i n v e s t i g a t e d  the  u s e  of  Micro C e l - E ,  
an  a d s o r b a n t ,  to r e m o v e  l a r g e  q u a n t i t i e s  (30 g) of  e x t r a c t e d  fa t  
f rom r e s i d u e s .  A l t h o u g h  the  me thod  e x h i b i t s  a v a s t  i m p r o v e m e n t  
in s e n s i t i v i t y  o v e r  t h e  r e c o m m e n d e d  p r o c e d u r e s ,  t h e  f ina l  e x t r a c t  
s t i l l  c o n t a i n e d  u n a c c e p t a b l e  a m o u n t s  of  c o e x t r a c t e d  f a t s .  
Griffith & Craun (1974) employed gel permeation chromatography  to 
r e m o v e  f a t s  f rom e x t r a c t s .  I n v o l v e m e n t  of  t h i s  t y p e  of  s p e c i a l  
e q u i p m e n t  a n d  e x p e r t i s e  q u i c k l y  e l i m i n a t e d  t h i s  m e t h o d  f r o m  
r o u t i n e  u s e  b e c a u s e  of  economic r e a s o n s .  

S ince  most  of  t h e  a b o v e  m e t h o d s  r e q u i r e d  a t ime c o n s u m m i n g  fa t  
i so la t ion  a n d / o r  s p e c i a l  e q u i p m e n t ,  o t h e r  means  of a n a l y s i s  we re  
i n v e s t i g a t e d  in t h i s  l a b o r a t o r y .  Aluminium ox ide  long  u s e d  in 
t h e  a n a l y s i s  of  oils  looked a t t r a c t i v e  as  a p r o m i s i n g  c a n d i d a t e  
f o r  a b s o r b i n g  o i l s .  A s ing le  e x t r a c t i o n  u s i n g  a luminium o x i d e  
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w a s  a t t e m p t e d  a n d  p r o v e d  s u c c e s s f u l  a t  r e m o v i n g  f a t s  f r o m  
r e s i d u e s .  In  t h i s  p a p e r ,  a p r o c e d u r e  fo r  milk and  o i l s eeds  is  
p r e s e n t e d  t h a t  e l imina tes  a fa t  i so la t ion  s t e p  and  p r o v i d e s  an 
e x t r a c t  a c c e p t a b l e  f o r  GC d e t e r m i n a t i o n  a f t e r  a f lor is i l  c l e a n u p .  

M A T E R I A L S  A N D  METHODS 

All  s o l v e n t s ,  r e a g e n t s  and  e q u i p m e n t  a r e  as spec i f i ed  in sec t ion  
211 of  volume 1 of t he  P e s t i c i d e  A n a l y t i c a l  Manual  (1982) e x c e p t  
f o r  t he  fo l lowing:  aluminiurn ox ide  (#A540, F i s h e r  Sc ien t i f i c  C o . ,  
F a i r  Lawn,  N J ) .  All p e s t i c i d e  a n a l y t i c a l  s t a n d a r d s  we re  o b t a i n e d  
f rom the  Environmental  Protection Agency .  The gas chromatograph 
w a s  a T r a c e r  Model 560 e q u i p p e d  wi th  e i t h e r  an e l e c t r o n  c a p t u r e  
d e t e c t o r ,  a Hall Model 700A e l e c t r o l y t i c  c o n d u c t i v i t y  d e t e c t o r  
( h a l o g e n  m o d e ) ,  o r  a f l ame  p h o t o m e t r i c  d e t e c t o r .  C o l u m n s  
employed  were  120 mrn b y  2 m m i d  g l a s s  coil co lumns  p a c k e d  with 
e i t h e r  3~o O V - 1 7  on  80 -100  m e s h  C h r o m o s o r b  W HP ( S u p e l c o ,  
Bellefonte,  PA),  2% DEGS on 80-100 mesh Chromosorb W AW (Analabs 
I n c . ,  New Haven,  CT) ,  or  2% OV-101 on 100-120 mesh Chrornosorb W HP 
( H e w l e t t - P a c k a r d ,  A v o n d a l e ,  P A ) .  

F o r  milk s amples  c o n t a i n g  4% f a t s  o r  l e s s ,  weigh 50 g milk in to  a 
b l e n d e r  cup .  Add 20 g aluminium oxide, 25 mL distilled water  and 
280 mL a c e t o n i t r i l e .  [ I f  s i g n i f i c a n t  GC i n t e r f e r e n c e s  a r e  
p r e s e n t  in the aluminum oxide, then  wash with 200 mL ethanol (95%) 
fol lowed b y  200 mL hexane and d r y  on a steam b a t h ] .  Blend 2 rnin 
a t  h i g h  s p e e d ,  w a i t  f o r  t h e  s o l i d s  to  s e t t l e  a n d  f i l t e r  t h e  
s u p e r n a t a n t  l iquid  wi th  s uc t i on  t h r o u g h  s h a r k s k i n  f i l t e r  p a p e r  
( p r e v i o u s l y  washed with I00 mL acetonitr i le) .  Measure 250 mL of 
t h e  filtrate and t r a n s f e r  to a 1 L sepa ra to ry  funnel .  Add I00 mL 
pe t ro leum ether  and shake  for 30 sec .  Add 10 mL sa tura ted  NaC1 
s o l u t i o n  a n d  500 mL dis t i l l ed  w a t e r .  S h a k e  fo r  1 min and  allow 
t h e  l a y e r s  to s e p a r a t e .  T r a n s f e r  t h e  lower  a q u e o u s  l a y e r  to a 
s e c o n d  1 L s e p a r t o r y  f u n n e l  c o n t a i n g  i00 rnL p e t r o l e u m  e t h e r  and  
s h a k e  f o r  1 m i n .  O n c e  a g a i n ,  a l l ow  s u f f i c i e n t  t i m e  f o r  t h e  
l a y e r s  to s e p a r a t e  and  t h e n  d i s c a r d  t he  lower  a q u e o u s  l a y e r .  
T h e n  c o m b i n e  t h e  r e m a i n i n g  l a y e r  w i t h  t h e  l a y e r  in  t h e  f i r s t  
s e p a r t o r y  f u n n e l  and  wash the  com bi ned  l a y e r s  wi th  2 x 100 mL 
p o r t i o n s  of d i s t i l l ed  w a t e r .  D r y  the  p e t r o l e u m  e t h e r  e x t r a c t  
t h r o u g h  i "  layer  of anhydrous ,  g ranu la r  NaSO. [if GC in ter ferences  
a r e  p r e s e n t  in t h e  NaSO 4, t h e n  h e a t  to 600~ for  1 h r ]  ( L u k e  e t  
a l .  1981) and  co l lec t  in a ~ K u d e r n a - D a n i s h  (K-D)  c o n c e n t r a t o r  wi th  
a Mills t u b e  a t t a c h e d .  C o n c e n t r a t e  on a s team b a t h  to 10 mL.  
E l u t e  t h e  e x t r a c t  on a Flor is i l  co lumn as s t a t e d  in s e c t i o n  211 of  
V o l u m e  I of  t he  P e s t i c i d e  A n a l y t i c a l  Manual  (1982) .  I n j e c t  t he  
e l u a t e  o n t o  a GC.  Use the  f a c t o r  250/344 to ca l cu la t e  amoun t  of  
sample  in the  f ina l  e x t r a c t .  
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F o r  oilseeds: gr ind produc t  th rough  a meat g r inder  equipped with a 
2 mm s c r e e n  a t  l e a s t  3 t i m e s .  Weigh  a p o r t i o n  o f  s a m p l e  
c o n t a i n i n g  not  g rea t e r  than 2 g fat into a b lender .  Add 20 g of 
a luminium ox ide  and  350 mL 20% w a t e r  in a c e t o n i t r i l e  ( a d d  200 mL 
d i s t i l l e d  w a t e r  to a g r a d u a t e d  c y c l i n d e r  and  d i lu te  to 1 L wi th  
a c e t o n t r i l e ) .  C o n t i n u e  with  t h e  p r o c e d u r e  fo r  milk b e g i n n i n g  
w i t h  " B l e n d  2 min . . . .  " .  Use the  f a c t o r  250/350 to c a l c u l a t e  t h e  
amoun t  of  sample  in t h e  f inal  e x t r a c t .  

R E S U L T S  A N D  D I S C U S S I O N  

S u c c e s s s f u l  u t i l i za t ion  of a n y  f a t t y  p r o d u c t  p r o c e d u r e  fo r  r e s i d u e  
a n a l y s i s  d e p e n d s  on i t s  ab i l i t y  to e x t r a c t  t he  n o n - p o l a r  r e s i d u e s  
f r o m  t h e  fa t  g lobu le  ( B e r o s a  & Bowman 1966) and  i t s  c a p a c i t y  to 
a n a l y z e  m a n y  s a m p l e s  in  a s h o r t  p e r i o d  of  t i m e  to  p r o p e r l y  
e v a l u a t e  r e s i d u e  u s e  o r  p o t e n t i a l  m i s u s e .  E x t r a c t i o n  w i t h  
a lumin ium ox ide  a p p e a r e d  to s a t i s f y  b o t h  c r i t e r i a  fo r  milk and  
o i l s e e d s .  

R e c o v e r y  d a t a  fo r  p e s t i c i d e  s t a n d a r d s  a d d e d  to milk ( T a b l e  1) 
d e m o n s t r a t e d  t h e  p r o p o s e d  p r o c e d u r e ' s  ab i l i t y  to d e t e r m i n e  t h e  
s a m e  p o l a r i t y  r a n g e  as t he  r e c o m m e n d e d  p r o c e d u r e .  Similar  
e x t r a c t i o n  e f f i c i e n c i e s  b e t w e e n  t h e  r e c o m m e n d e d  me thod  and  the  
p r o p o s e d  p r o c e d u r e  a r e  i l l u s t r a t e d  b y  t h e  c o m p a r a t i v e  v a l u e s  of 
i n c u r r e d  r e s i d u e s  f o u n d  fo r  v a r i o u s  p r o d u c t s  compi led  in T a b l e  2.  
P r o c e d u r e  p a r a m e t e r s ,  which  can  b e  c o n s i d e r e d  a modi f i ca t ion  of 
t h e  Ber tuzz i  method (1967) for  low moisture p roduc t s  were based  on 
t h e  d a t a  l i s t ed  in T a b l e  3.  R e s u l t s  i l l u s t r a t e  t h a t  e x t r a c t i o n  
o f  r e s i d u e s  f r o m  t h e  f a t  i s  d e p e n d e n t  b o t h  on  t h e  a m o u n t  o f  
a b s o r b a n t  and content  of water p re sen t  in the solvent .  Increas ing  
t h e  s u r f a c e  a r e a  of  t h e  a b s o r b a n t  i n c r e a s e d  the  e x t r a c t i o n  
e f f i c i e n c i e s  of  r e s i d u e s  f rom the  f a t .  T h e s e  e x p e r i m e n t a l  f a c t s  
i nd i ca t e  t h a t  t he  fa t  mus t  be  coa t ed  in a t h in  l a y e r  a r o u n d  each  
a b s o r b a n t  p a r t i c l e  and  t h a t  t he  t h i n n e r  t h e  l a y e r  of f a t ,  t h e  more  
c o m p l e t e  t he  r e s i d u e  e x t r a c t i o n .  A d d i t i o n a l l y ,  i f  t h e  s o l v e n t  
c o n t a i n s  too  m u c h  w a t e r ,  t h e  f a t  l a y e r  i s  n o t  p e n t e t r a t e d  to  
p e r m i t  r e s i d u e  e x t r a c t i o n .  On t h e  o t h e r  h a n d ,  too l i t t le  w a t e r  
in  t h e  s o l v e n t  c a u s e s  e x t e n s i v e  c o e x t r a c t i o n  of f a t  and  a f ina l  
e x t r a c t  u n s u i t a b l e  fo r  GC d e t e r m i n a t i o n .  T h e  c o m p r o m i s e  of  20% 
w a t e r  in a c e t o n i t r i l e  and  20 g of  a luminium ox ide ,  a long  wi th  a 
m a x i m u m  of  2 g f a t  a r e  f o u n d  to  b e  o p t i m a l .  S i n c e  mi lk  
c o n t a i n e s  w a t e r  i t s e l f ,  the  a d d e d  w a t e r  is a d j u s t e d  so t h a t  t he  
t o t a l  a m o u n t  of  w a t e r  is 20% of t h e  to t a l  vo lume of  s o l v e n t  a d d e d .  
O i l s e e d s ,  on  t h e  o t h e r  h a n d ,  c o n t a i n  so  l i t t l e  m o i s t u r e  t h a t  
a d j u s t m e n t  is  no t  r e q u i r e d .  

E l i m i n a t i o n  o f  t h e  f a t  i s o l a t i o n  s t e p  a s  wel l  a s  a s i n g l e  s t e p  
e x t r a c t i o n  r e d u c e s  t h e  t ime of a n a l y s i s  to a b o u t  30 rain p e r  s ample  
f r o m  t h e  u s u a l  4 - 5  h r  n o r m a l l y  r e q u i r e d  i f  t h e  r e c o m m e n d e d  
p r o c e d u r e  is fo l lowed .  F u r t h e r  r e d u c t i o n  in a n a l y s i s  t ime is  
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T a b l e  I .  Pe rcen t age  recover ies  of pes t ic ide  s t anda rds  from milk 
t h rough  the acetoni tr i le /aluminium oxide p r o c e d u r e .  

S tandard  Fort i f icat ion Pe rcen t age  
Level (ppm) Recovery  

Dield rin 0.16 85 
p,  p'-DDE 0.20 92 
Heptachlor  epoxide 0.21 92 
Diazinon 0.25 81 
Methyl para th ion  0.10 80 
Ethion 0.20 92 
HCB 0.10 83 
a-BHC 0.10 99 
Aldrin 0.41 90 
Endr in  0.55 94 

T a b l e  2. Comparative assay values of incurred residues with the 
PAM p r o c e d u r e .  

P roduc t  Residue 
Acetoni t r i le  PAM 

Aluminium oxide Procedure 
P r o c e d u r e  (ppm) 

(ppm) 

Sesame seeds Endr in  0.06 0.05 
Endr in  0.08 0.09 
Endr in  0.08 0 . i0 
Endr in  0.04 0.06 

Milk p,  p'-DDE 0.06 0.06 

Peanuts  Endr in  0.11 0.11 
Primip hos-  methyl 0.51 0.54 

achieved by using air p r e s s u r e  on the Florisil column t h e r e b y  
d e c r e a s i n g  the elution time. With this  new analytical  approach ,  
it is possible to analyze about 20 samples pe r  analyst  pe r  d a y .  

C leanup  by  Florisil  elution p roduced  e x t r a c t s  (6% and 15% die thyl  
e t h e r / p e t r o l e u m  e t he r )  tha t  conta ined no coex t rac ted  fa t .  The 
more  polar elut ions of 50% die thyl  e t h e r / p e t r o l e u m  e the r  and 100% 
d i e t h y l  e the r  conta ined no more than  about  5% of the total  fat  in 
t h e  sample por t ion  analyzed and caused no analytical  problems 
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T a b l e  3.  Aluminium oxide /wate r / fa t  ratio affect on the amount of 
f a t  r e s i d u e  and  p e s t i c i u d e  s t a n d a r d  r e c o v e r e d .  

R u n  Water in A1203 Fat Fat Pesticide Recovery  
No.  CH3CN Sample  R e s i d u e  (%) 

(%) (g )  (g )  
p,  p'-DDE Dieldrin 

1 35 20 3 < .1  50 80 
2 10 20 3 0 .6  * * 
3 35 20 2 < .1  69 83 
4 35 10 2 < .1  61 74 
5 20 i0 2 0 . i  84 95 
6 20 20 2 < ,1  93 96 
7 20 30 2 < .1  89 93 
8 20 40 2 < . 1  93 85 

* Not a n a l y z e d  d u e  to i n t e r f e r e n c e s  f rom f a t .  

u n l e s s  low l eve l s  of  i n c u r r e d  r e s i d u e s  were  e n c o u n t e r e d  (< 0.1 
p p m )  in t he  ca se  of  o i l s e e d s .  

I n  c o n c l u s i o n ,  t h e  l imited da t a  p r e s e n t e d  fo r  milk and  o i l s eeds  
c l e a r l y  d e m o n s t r a t e s  an a l t e r n a t e  and  r a p i d  p r o c e d u r e  fo r  f a t t y  
p r o d u c t s  which p r o d u c e s  a f ina l  e x t r a c t  t h a t  r e q u i r e s  no f u r t h e r  
c l e a n u p .  E f f o r t s  to e x p a n d  t h i s  p r o c e d u r e  to o t h e r  f a t t y  
p r o d u c t s  as well as to e x p a n d  the  p o l a r i t y  r a n g e  of p e s t i c i d e s  to 
i n c l u d e  t h e  h i g h l y  p o l a r  r e s i d u e s  s u c h  a s  m e t h a m i d o p h o s  a r e  
c u r r e n t l y  u n d e r  i n v e s t i g a t i o n .  

A c k n o w l e d g e m e n t s .  The authors  wish to exp re s s  their  t hanks  to J .  
T s a o  f o r  h e r  r e c o v e r y  d a t a  and  D r .  T .  C a i r n s  fo r  h is  c o n s t a n t  
e n c o u r a g e m e n t  and  a s s i s t a n c e  in p r e p a r i n g  t h i s  m a n u s c r i p t .  
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