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P e s t i c i d e s  h a v e  b e c o m e  e s s e n t i a l  to  the  e c o n o m i c a l  p r o -  

d u c t i o n  of a l m o s t  a l l  a n i m a l  f e e d s ,  i n c l u d i n g  b y - p r o d u c t s  of o t h e r  

i n d u s t r i e s ,  s u c h  as  s u g a r  b e e t  pulp.  I n s e c t s ,  p l an t  d i s e a s e s ,  

n e m a t o d e s ,  and w e e d s  a r e  c o m b a t e d  wi th  d o z e n s  of d i f f e r e n t  

c h e m i c a l s .  The  c h l o r i n a t e d  h y d r o c a r b o n  c l a s s  of i n s e c t i c i d e s  ha s  

b e e n  p r e d o m i n a n t l y  r e s p o n s i b l e  f o r  f e e d  c o n t a m i n a t i o n  in the  p a s t ,  

but  a l m o s t  any  p e s t i c i d e  c a n  c a u s e  r e s i d u e  p r o b l e m s .  

M a n y  c o m m e r c i a l  f e e d s  c o n t a i n  DDT and r e l a t e d  c h e m i c a l  

r e s i d u e s  in the low p a r t s - p e r - m i l l i o n  r a n g e .  P e s t i c i d e s  p a s s  

r a p i d l y  f r o m  f e e d s  in to  m i l k ,  e g g s ,  and o t h e r  a n i m a l  p r o d u c t s  

and,  once  e s t a b l i s h e d ,  c a n n o t  be q u i c k l y  e l i m i n a t e d  s i m p l y  b y  

w i t h d r a w i n g  the bad  f eed .  

The  p r e s e n t  i n v e s t i g a t i o n s  have  the  f o l l o w i n g  o b j e c t i v e s :  

(1) to s t u d y  the c h a r a c t e r i s t i c s  and e f f i c i e n c i e s  of s o l v e n t s  and 

m e t h o d s  fo r  the e x t r a c t i o n  of DDT and r e l a t e d  c h l o r i n a t e d  h y d r o -  

c a r b o n  r e s i d u e s  f r o m  a l f a l f a  h a y ;  (2) to d e t e r m i n e  the  n a t u r e  of 

the  r e s i d u e s  p r e s e n t ,  w h e t h e r  t h e y  a r e  c h e m i c a l l y  bound  to the  

p lan t  m a t e r i a l  o r  a r e  on the s u r f a c e  as  a l o o s e  d e p o s i t ,  or  a r e  in 

s o l u t i o n  wi th  the m a t e r i a l s  on the  p lan t  s u r f a c e ;  (3) to i d e n t i f y  the  

f o r m  of the c h e m i c a l  r e s i d u e s ;  and (4) to  d e t e r m i n e  the  s i t e s  of 
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the  r e s i d u e s  ( w h e t h e r  t h e y  a r e  on the  s u r f a c e s  of the  p l a n t  m a t e -  

r i a l ,  i n c l u d i n g  the  l e a v e s  and  s t e m s ) a n d  w h a t  a m o u n t  is  p r e s e n t .  

E x p e r i m e n t a l  

D e t e c t i o n  and  D e t e r m i n a t i o n  of P e s t i c i d e  R e s i d u e s .  T h e  

m e t h o d s  d e s c r i b e d  in t h i s  s e c t i o n  w e r e  u s e d  r o u t i n e l y .  E x c e p t i o n s  

a r e  d e s c r i b e d  l a t e r  h e r e i n .  T h i n - l a y e r  c h r o m a t o g r a p h y  ( T L C )  and  

g a s - l i q u i d  c h r o m a t o g r a p h y  ( G L C )  p r o c e d u r e s  w e r e  u s e d ,  e i t h e r  

s e p a r a t e l y  o r  in c o m b i n a t i o n .  T h e  G L C  m e t h o d  of C r o s b y  and 

A r c h e r  (3) w a s  u s e d  e x c e p t  t h a t  a 6 - f t .  x 1 / 8 - i n c h  s t a i n l e s s -  

s t e e l  c o l u m n  p a c k e d  w i t h  10~o DC 200 on 100 -120  m e s h  G a s  C h r o m  

Q w a s  u s e d  o c c a s i o n a l l y  i n s t e a d  of the  one  s p e c i f i e d .  S a m p l e s  w e r e  

a n a l y z e d  w i t h  or  w i t h o u t  a l k a l i  t r e a t m e n t  ( d e h y d r o h a l o g e n a t i o n ) ,  

and  the  r e s u l t s  a r e  r e p o r t e d  on a d r y - w e i g h t  b a s i s .  R e c o v e r y  

t r i a l s  g a v e  e s s e n t i a l l y  q u a n t i t a t i v e  r e s u l t s .  

T L C  w a s  e m p l o y e d  f o r  s c r e e n i n g  and  in c o m b i n a t i o n  w i t h  

G L C ,  a s  an  a n a l y t i c a l  t oo l .  S i l i c a  ge l  H a b s o r b e n t ,  p e n t a n e  

s o l v e n t ,  and  the  s i l v e r  n i t r a t e : 2 - p h e n o x y e t h a n o l  c o l o r  t e s t  (7) 

w e r e  e m p l o y e d .  F o r  q u a n t i t a t i v e  w o r k ,  c h r o m a t o g r a m  a r e a s  

( c o n t a i n i n g  the  u n k n o w n s ) w e r e  q u a n t i t a t i v e l y  e x t r a c t e d  f r o m  the  

s i l i c a  ge l  w i t h  b e n z e n e  or  p e n t a n e  a f t e r  c o m p a r i n g  p a r a l l e l  Rf  

v a l u e s  (0 .41  D D E ;  0 . 2 6  D D T ;  0. 14 D D D ) w i t h  d e v e l o p e d  s t a n d a r d  

p e s t i c i d e  t r a c e r s .  T h e  s o l v e n t  e x t r a c t s  w e r e  a n a l y z e d  by  G L C .  

H a y  s a m p l e s  w e r e  o b t a i n e d  f r o m  f i e l d s  in Yolo C o u n t y ,  

C a l i f o r n i a .  T h e  f i e l d s  h a d  not  i n t e n t i o n a l l y  b e e n  t r e a t e d  w i t h  

p e s t i c i d e s  d u r i n g  the  p r e v i o u s  s e a s o n ,  s o  the  r e s i d u e s  found  

r e p r e s e n t  a c c i d e n t a l  c o n t a m i n a t i o n  in the  f i e l d s .  T h e  h a y s  u s e d  

r a n g e d  f r o m  f r e s h l y  b a l e d  ( 1 6 . 5 %  m o i s t u r e )  s a m p l e s  to  t h o s e  

s t o r e d  up to  t h r e e  y e a r s  in the  l a b o r a t o r y  ( 8 . 0 %  m o i s t u r e ) .  

S e v e r a l  w e r e  t a k e n  of e a c h  s a m p l i n g .  H o w e v e r ,  the  h a y  e x a m i n e d  

in e a c h  p a r t i c u l a r  e x p e r i m e n t  w a s  s u b s a m p l e d  c a r e f u l l y ,  c h o p p e d  

in to  a p p r o x i m a t e l y  o n e - h a l f  i nch  p i e c e s ,  p o o l e d  and  t h o r o u g h l y  

192 



m i x e d ,  s u b s a m p l e d ,  and a n a l y z e d  p r i o r  to  e x p e r i m e n t a l  t r e a t -  

m e n t .  A l l  s a m p l e s  w e r e  a n a l y z e d  f o r  D D T  [ 1, 1, 1 - t r i c h l o r o - Z -  

2 - b i s ( 4 ' - c h l o r o p h e n y 1 ) e t h a n e ]  i s o m e r s ,  D D E  [ I ,  1 - d i c h l o r o - g ,  

2 - b i s ( 4 ' - c h l o r o p h e n y l ) e t h y l e n e ]  i s o m e r s ,  and  DDD [ 1, 1 - d i c h l o r o -  

2, 2 - b i s  (4'  - c h l o r o p h e n y l ) e t h a n e ]  i s o m e r s .  

R e s u l t s  and  D i s c u s s i o n  

A. S o l v e n t  and  E x t r a c t i o n  M e t h o d  E f f i c i e n c i e s .  A s e r i e s  

of e x p e r i m e n t s  w e r e  c o n d u c t e d  to  d e t e r m i n e  the  m o s t  e f f i c i e n t  

m e t h o d  and  s o l v e n t  f o r  the  e x t r a c t i o n  of D D T - R C H  (DDT p lus  

r e l a t e d  c h l o r i n a t e d  h y d r o c a r b o n s )  f r o m  a l f a l f a  h a y  ( T a b l e s  I, II ,  

I I I ) .  S u b s a m p l e s  f r o m  c h o p p e d ,  m i x e d ,  and  c o m p o s i t e d  h a y  w e r e  

a n a l y z e d  f o r  D D T - R C H  w i t h  s i x  s o l v e n t  s y s t e m s  and  t h r e e  e x -  

t r a c t i o n  p r o c e d u r e s :  (1) 250 m l  of s o l v e n t / 1 5  g r a m s  h a y  ( e x c e s s  

s o l v e n t )  w e r e  r e f l u x e d  f o r  1 h o u r  and  the  e x t r a c t  and  r e m a i n i n g  

p l a n t  s o l i d s  w e r e  a n a l y z e d ;  (2) 650 m l / 5  g r a m s  h a y  w e r e  r e f l u x e d  

in a S o x h l e t  a p p a r a t u s  f o r  32 h o u r s ,  and  the  p l a n t  s o l i d s  and  

e x t r a c t s  w e r e  a n a l y z e d ;  (3) 250 m l  of s o l v e n t / 1 5  g r a m s  h a y  w e r e  

b l e n d e d  in a W a r i n g  b l e n d e r  f o r  5 m i n u t e s ,  and  the  e x t r a c t s  a n d  

p l a n t  s o l i d s  w e r e  a n a l y z e d .  T h e  e x t r a c t e d  p l a n t  s o l i d s  r e m a i n i n g  

a f t e r  the  a b o v e  t r e a t m e n t  w e r e  r e f l u x e d  f o r  30 m i n u t e s  w i t h  

e t h a n o l i c - K O H  s o l u t i o n  b e f o r e  G L C  a n a l y s i s .  T h e  a d v a n t a g e  of 

u s i n g  f i e l d - c o n t a m i n a t e d  s a m p l e s  is t h a t  the  p e s t i c i d e  is d e p o s i t e d  

in the  p l a n t  m a t e r i a l  and  not  a d d e d  b y  m e a n s  of a s o l v e n t .  If  the  

p l a n t  m a t e r i a l  h a s  l i t t l e  o r  no r e s i d u e  a f t e r  r e p e a t e d  e x t r a c t i o n s ,  

the  e x t r a c t i o n  p r o c e d u r e  is c o n s i d e r e d  a d e q u a t e .  

T a b l e s  I, II ,  and  I l I  s h o w  t h a t  the  s o l v e n t s  w e r e  s i m i l a r  in 

a b i l i t y  to e x t r a c t  D D T - R C H  f r o m  h a y  (with p e n t a n e  the  p o o r e s t ) .  

M o s t  e f f i c i e n t  f o r  r e m o v a l  of the  r e s i d u e s  w a s  the  S o x h l e t  m e t h o d ,  

f o l l o w e d  b y  the  r e f l u x  m e t h o d ,  w i t h  the  b l e n d i n g  m e t h o d  the  p o o r e s t .  

H o w e v e r ,  w h e n  the  e x t r a c t e d  p l a n t  s o l i d s  w e r e  d e t e r m i n e d  and  the  

a m o u n t  a d d e d  to  the  p r e v i o u s l y  e x t r a c t e d  r e s i d u e s ,  a l l  t h r e e  m e t h o d s  

a p p e a r e d  to  be  e q u i v a l e n t  ( T a b l e  I I I ) .  
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TABLE I 

Comparison of Methods and Solvents 

for the Extraction of DDT-RCH I from Alfalfa Hay 

DDT-RCH (ppb) z 

S o l v e n t s  B l e n d i n g  R e f l u x  Soxh l e t  

Benzene 343 648 1058 

Acetonitrile 271 528 1140 

Pentane 300 460 729 

Acetone 340 596 - 

Ethanol 343 609 - 

Is opr opanol 290 433 847 

Mean 315 536 944 

Percent extracted 48 % 75 % 99 % 

Standard deviation +29 • +i 64 

Percent deviation 9.2~0 14. 7% 17.4% 

1 DDT plus  r e l a t e d  c h l o r i n a t e d  h y d r o c a r b o n s  

z p a r t s  p e r  b i l l i o n  

R e f l u x i n g  h a y  f o r  1 h o u r  w i t h  a s u i t a b l e  s o l v e n t  r e c o v e r e d  

75% of the t o t a l  p e s t i c i d e  c o n t a m i n a n t s  in the h a y  s a m p l e .  

H o w e v e r ,  b l e n d i n g  f o r  5 m i n u t e s  r e c o v e r e d  on ly  48% in the 

s o l v e n t  e x t r a c t ,  wh i l e  the  Soxh le t  e x t r a c t i o n  f o r  32 h o u r s  

r e c o v e r e d  99% of the  t o t a l  r e s i d u e .  W a r m  and ho t  s o l v e n t s  w e r e  

m o r e  e f f i c i e n t  t han  co ld  s o l v e n t  f o r  e x t r a c t i o n ,  w h i c h  m a y  p a r t i a l l y  

a c c o u n t  f o r  the l o w e r  e f f i c i e n c y  of the b l e n d i n g  p r o c e d u r e .  No 

d i f f e r e n c e . i n  e f f i c i e n c y  of e x t r a c t i o n  of D D T - R C H  r e s i d u e s  f r o m  
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the  a l f a l f a  h a y  ( T a b l e  I I I )  c o u l d  be  s h o w n  w h e n  the  t o t a l  r e s i d u e  

[ t h a t  in the  e x t r a c t i o n  s o l v e n t  ( T a b l e  I) p lus  t h a t  in the  e x t r a c t e d  

p l a n t  m a t e r i a l  ( T a b l e  II)]  w a s  c o m p a r e d  w i t h  the  m e a n  v a l u e  f o r  

the  f i v e  o t h e r  s o l v e n t s  ( S t u d e n t ' s  t - d i s t r i b u t i 0 n  f o r m u l a  a t  a l e v e l  

of s i g n i f i c a n c e  of 0 . 0 1 ) .  A l s o ,  no  d i f f e r e n c e  c o u l d  b e  s h o w n  b y  

s t a t i s t i c a l  a n a l y s i s  f o r  m e t h o d  e f f i c i e n c i e s  w h e n  the  t o t a l  r e s i d u e  

v a l u e s  ( T a b l e  I I I ) w e r e  c o m p a r e d .  

TABLE II 

Residues from Previously Extracted Hay 

Obtained by Ethanolic Alkali Extraction 

DDT-RCH (ppb) 

Original s o l v e n t s  Blending Reflux Soxhlet 

Benzene 

Acetonitrile 

Pentane 

Acetone 

Ethanol 

Isopropanol 

394 160 9.4 

363 228 2.4 

363 316 i7.8 

338 133 - 

294 133 - 

320 131 1.2 

Mean 

Percent of original 

Standard deviation 

Percent deviation 

345 184 

~a% z5% 
+32 +68 

9.3% 36.9% 

'7. 7 

1% 
•  

8s.8% 
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T A B L E  II I  

T o t a l  R e s i d u e s  in H a y  

( f r o m  E x t r a c t i o n  S o l v e n t  p lus  E x t r a c t e d  Hay]  

Extraction solvents 

DDT-RCH (ppb) 

Blending Reflux Soxhlet 

Benzene 737 788 1067 

A c et onitr ile 634 756 I 142 

Pentane 663 776 749 

Acetone 678 729 - 

Ethanol 637 742 - 

Is opr opanol 610 564 859 

Mean 660 716 957 

Standard deviation • +72 + 159 

Percent deviation 6.2% I0. 1~ 16. 7% 

B. N a t u r e  of the  R e s i d u e s .  T o  d e t e r m i n e  w h e t h e r  the 

r e s i d u e s  w e r e  in f r e e  o r  c h e m i c a l l y  bound  f o r m ,  s o l v e n t  e x t r a c -  

t ion  w a s  f o l l o w e d  by  r e p e a t e d  h y d r o l y s i s  of the  e x t r a c t e d  p lan t  

m a t e r i a l  wi th  e t h a n o l i c  p o t a s s i u m  h y d r o x i d e  s o l u t i o n .  T h e  r e s u l t s  

a r e  s h o w n  in T a b l e  IV. The  h a y  w a s  f i r s t  e x t r a c t e d  by  t h r e e  1 -  

h o u r  b e n z e n e  r e f l u x i n g s ,  w h i c h  r e m o v e d  96~o of the t o t a l  r e s i d u e  

from the high-level hay and 82~0 of the total residue from the 

low-level hay. The remaining plant material was extracted 5 

times with ethanolic alkali. The total residue found in the solvent 

plus the alkali extraction was 687 ppb for the high-level hay and 

87 ppb for the low-level hay. Although the plant solids did not 

dissolve completely in the ethanolic alkali, after the first alkali 
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T A B L E  IV 

E t h a n o l i c - A l k a l i - E x t r a c t a b l e  R e s i d u e s  in A l f a l f a  H a y  

P r e v i o u s l y  S o l v e n t - E x t r a c t e d  

DDT-RCH (ppb) 

M e t h o d  of e x t r a c t i o n  H i g h - r e s i d u e  h a y  L o w - r e s i d u e  h a y  

Benzene reflux 

(Three extractions; pooled) 

Percent removed 

659 71.5 

96% 8Zfo 

Ethanolic alkali extraction 

of remainder 

Reflux # 1 1 I. 3 

Reflux #2 7.5 

Reflux #3 5.0 

Reflux #4 3.4 

Reflux #5 I. 0 

7 . 9  

3 . 8  

1 .5  

1 .0  

1 .3  

T o t a l  r e s i d u e  r e c o v e r e d  687 87 

r e f l u x i n g  t h e y  p r o g r e s s i v e l y  b r o k e  d o w n  and  d e t e r i o r a t e d .  M o s t  

of the  r e s i d u e s  on the  h a y  w e r e  r e m o v e d  b y  the  s o l v e n t  r e f l u x i n g ;  

t h o s e  r e m a i n i n g  w e r e  r e m o v e d  p r o g r e s s i v e l y  b y  e t h a n o l i c  a l k a l i ,  

w i t h  v e r y  l i t t l e  r e m a i n i n g  a f t e r  the  f i f th  e x t r a c t i o n .  A s  s h o w n  in 

T a b l e  V, the  s u b s a m p l e  of h a y  c o m p o s i t e d  a s  d e s c r i b e d  a b o v e  w a s  

h y d r o l y z e d  o r  e x t r a c t e d  w i t h  e t h a n o l i c  a l k a l i  d i r e c t l y  w i t h o u t  p r e -  

l i m i n a r y  s o l v e n t  t r e a t m e n t .  T h e  t o t a l  D D T - R C H  r e s i d u e  w a s  584 

p p b  f o r  the  h i g h - l e v e l  h a y  and  86 p p b  f o r  the  l o w - l e v e l  hay ,  r e -  

s p e c t i v e l y  85% and  99% of the  r e s i d u e s  s h o w n  in T a b l e  IV.  A g a i n ,  
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the  r e s i d u e s  d e c r e a s e d  p r o g r e s s i v e l y  un t i l  o n l y  a s m a l l  a m o u n t  

w a s  found  in the  f i f th  e x t r a c t i o n .  The  t o t a l  r e s i d u e s  r e c o v e r e d  as 

p r e s e n t e d  in T a b l e s  IV and V s h o w e d  a 1 0 . 3 %  d e v i a t i o n  f r o m  the 

m e a n  f o r  the  h i g h - r e s i d u e  h a y  and a 0 . 6 %  d e v i a t i o n  f o r  the  l o w -  

r e s i d u e  hay .  The  D D T - R C H  r e s i d u e s  in the  p lan t  m a t e r i a l  a f t e r  

s o l v e n t  e x t r a c t i o n  p r o b a b l y  r e p r e s e n t  t h o s e  he ld  by  a d s o r p t i o n  

r a t h e r  than  by  c h e m i c a l  c o m b i n a t i o n  wi th  the  p lan t  m a t e r i a l .  

TABLE V 

Residues in Alfalfa Hay by Direct 

Repeated Ethanolic Alkali Extractions 

D D T - R C H  (ppb) 

Method of extraction High-level hay L o w - l e v e l  hay. 

Ethanolic alkali 

Reflux #i 451 47.0 

Reflux #2 90 28.4 

Reflux #3 23 4.8 

Reflux #4 11 2.4 

Reflux #5 9 3.6 

T o t a l  r e s i d u e s  r e c o v e r e d  584 86 

P e r c e n t  of t o t a l  r e s i d u e  (See T a b l e  IV) 85~0 99% 

C. N a t u r e  of the C o n t a m i n a n t s .  A l l  s a m p l e s  w e r e  a n a l y z e d  

f o r  DDT,  DDE,  and DDD by  T L C ,  G L C ,  o r  a c o m b i n a t i o n  of both .  

R e s i d u e s  (Tab l e  VI), e x p r e s s e d  as  the p e r c e n t a g e  of the to ta l ,  

r a n g e d  f r o m  7 3 . 4  to  1 1 . 0 %  DDT,  8 4 . 7  to 17. 7% DDE,  and 8 . 9  

to  4 . 3 % - D D D .  T h e s e  p e r c e n t a g e s  r e p r e s e n t  not  c h a n g e s  on the 
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p lan t  m a t e r i a l  a f t e r  s a m p l i n g ,  bu t  s i m p l y  v a r i a t i o n s  e n c o u n t e r e d  

due  to s a m p l i n g .  

T A B L E  VI 

D i s t r i b u t i o n  (ppb) of D D T - R C H  

in a H i g h -  and L o w - R e s i d u e  A l f a l f a  H a y  

S a m p l e  DDT DDE DDD T OTA L 

High-residue hay 

Percent of total 

469 l l S  ST. 0 639 

7 S . 4 ~  lV.V% S.9% 

Low-residue hay 

Dehydrated meal 35.3 

Percent of total 48.2 % 

Dehydrated pellets 9.5 

Percent of total 1 i. 0 

31.9 5.9 73. 1 

43.6~o s . z ~  - 

73.5 3. 7 86. 7 

84. 7~0 4 .3~0 - 

T h e  v a l u e s  i n c l u d e  a l l  i s o m e r s  f o r  e a c h  c h e m i c a l  and 

r e p r e s e n t  p r i n c i p a l l y  the  p , p ' - i s o m e r s .  No o t h e r  c h l o r i n a t e d  

h y d r o c a r b o n  r e s i d u e s  w e r e  d e t e c t e d  in the  h a y  u n d e r  the  c o n d i -  

t i o n s  of the  e x p e r i m e n t s .  T h e  r a t i o  of DDE to DDT w a s  h i g h  in 

the  p e l l e t s  as  c o m p a r e d  to  t h a t  in the  d e h y d r a t e d  m e a l  f r o m  

w h i c h  the  p e l l e t s  w e r e  p r e p a r e d .  F a c t o r s  p r o b a b l y  r e s p o n s i b l e  

f o r  the d e g r e e  of c o n v e r s i o n  of DDT to  DDE w e r e  m o i s t u r e ,  

t i m e ,  and t e m p e r a t u r e .  

D. Si te  of the  C o n t a m i n a n t s .  T a b l e s  VI I  t h r o u g h  XI s h o w  

the  r e s u l t s  of e x p e r i m e n t s  to  d e t e r m i n e  the  s i t e  of the p e s t i c i d e  

r e s i d u e s  on h a y  s a m p l e s .  T a b l e  VI I  s h o w s  tha t  the  r e s i d u e  w a s  

not  l o o s e l y  d i s t r i b u t e d  on the  s u r f a c e  of the p l a n t  m a t e r i a l  a s  a 

th in  f i l m  or  d e p o s i t e d  on the  h a y  in d u s t  o r  so i l .  The  s t a r t i n g  

m a t e r i a l  c o n t a i n e d  560 ppb D D T - R C H .  T h e  h a y  w a s  put in a 

199 



T A B L E  VII  

R e m o v a l  of R e s i d u e  f r o m  A l f a l f a  

b y  V a r i o u s  W a t e r  W a s h e s  

D D T - R C H  (ppb) 

C o l d - w a t e r  w a s h  H o t - w a t e r  w a s h  

C o n t e n t  b e f o r e  t r e a t m e n t  560 560 

C o n t e n t  a f t e r  t r e a t m e n t  544 

P e r c e n t  l o s s  due to  t r e a t m e n t  2 . 8 6 %  

DDT c o n t e n t  of 
w a t e r  r i n s e  #1 4 6 . 3  

DDT c o n t e n t  of 
water rinse #Z 5.5 

DDT content of 
water rinse #3 i0.5 

384 

3 1 . 4 %  

8 . 8  

5 . 0  

2 . 6  

Percent of total residue 108 % 71.4% 

l a r g e  E r l e n m e y e r  f l a s k  wi th  30 v o l u m e s  of e i t h e r  co ld  or  hot  

d i s t i l l e d  w a t e r  and s h a k e n  v i g o r o u s l y  f o r  15 m i n u t e s  on a r o t a r y  

l a b o r a t o r y  s h a k e r .  The  w a t e r  was  f i l t e r e d  t h r o u g h  a s m a l l  

l o o s e l y  p a c k e d  g l a s s  w o o l  plug and s t o r e d .  W a s h i n g  was  done  t h r e e  

t i m e s ;  the g l a s s  w o o l  p lug  w a s  e x t r a c t e d  wi th  the f i r s t  w a t e r  w a s h -  

ing t h r e e  t i m e s  wi th  p e n t a n e ,  and the c o n t e n t s  w e r e  poo l ed  and 

a n a l y z e d .  The  s e c o n d  and  t h i r d  w a t e r  w a s h i n g s  w e r e  e x t r a c t e d  in 

a s i m i l a r ' m a n n e r  w i t h o u t  the  g l a s s  w o o l  p lug .  Only  t r a c e  a m o u n t s  

of p e s t i c i d e  w e r e  found  in the  w a t e r  w a s h i n g s ,  i n d i c a t i n g  tha t  the  

r e s i d u e  w a s  not  l o o s e l y  d i s t r i b u t e d  on the  p lan t  m a t e r i a l .  T h i s  

e x p e r i m e n t  w a s  r e p l i c a t e d  t w i c e  wi th  s i m i l a r  r e s u l t s .  The  d i f f e r e n c e  

b e t w e e n  the  108% and  the  7 1 . 4 %  f i g u r e s  in T a b l e  VII  m a y  be e x p l a i n e d  
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bythe volatility of DDT with water vapors. Acree et al. (i) 

observed that DDT is lost from various media as a result of the 

DDT-water codistillation phenomenon. 

TABLE VIII 

Residues (ppb) in Alfalfa Hay as Affected by Benzene Washing 

Method 

No dehydrohalogenation Dehydrohalogenation 

DDT DDE DDD Total DDT-RCH 

Before washing 331 

Mean (ppb) 

Standard deviation 
(ppb) for unwashed 
dehydr ohalogenated vs. 
non-dehydr ohalog enated 
samples 

Percent deviation 

42.6 21.0 395 363 

379 

• 

4.2~  

After various washings 

Wash #1 212 

Wash #2 

Wash #3 

Wash #4 

Wash #5 

Wash #6 

Wash #7 

Total 

63 

25 

13 5 

14 2 

23 3 

6.5 

359 

0 21.8 21.0 251.8 

6 7.0 a 70.6 
a 

4 4.3 29.7 

2.9 a 16.4 

2.3 a 16.5 

2.9 a 26.2 

1.4 a 7.9 

42.6 21.0 419 

148.0 

63.0 

37.0 

26.0 

28.0 

27.0 

i0.0 

339 

Mean (ppb) 

S t anda rd  dev i a t i on  (ppb) 
of to ta l  r e s i d u e  va lues  
in b e n z e n e  w a s h e s  by 
de hyd r  oha logena t ed  vs .  
n o n - d e h y d r  oha l ogena t ed  
s a m p l e s  

P e r c e n t  dev i a t i on  

379 

•  

ll.S~o 

a 
No d e t e c t a b l e  r e s i d u e ;  <1 ppb 
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T A B L E  IX 

S e r i a l  E x t r a c t i o n  (ppb) of H a y  F o l l o w i n g  B e n z e n e  W a s h i n g  

Serial extraction solvent DDT DDE DDD TOTAL 

Benzene reflux #i 27. 7 4,4 ndr 32. 1 

#2 15.2 2.4 ndr 17.6 

Acetonitrile reflux #i 8. 1 ndr ndr 8. I 

#2 4.5 ndr ndr 4.5 

Acetone reflux #i ndr ndr ndr ndr 

#2 ndr ndr ndr ndr 

Ethyl alcohol reflux #I ndr ndr ndr ndr 

#2 ndr ndr ndr ndr 

Total 55.5 6.8 ndr 62.3 

ndr, no detectable residue; <i ppb 

The  e x p e r i m e n t  s u m m a r i z e d  in T a b l e s  VI I I  and IX w a s  m a d e  

to  d e t e r m i n e  w h e t h e r  the  p e s t i c i d  e r e s i d u e  on the  p lan t  s u r f a c e  

w a s  bound  to the c u t i c l e  by  s o l u t i o n  in s u c h  m a t e r i a l s  as  the  p lan t  

w a x e s .  T h e  n a t u r e  of p l an t  c u t i c l e s  and the r e s i d u e  p r o b l e m  h a v e  

b e e n  d i s c u s s e d  by  s e v e r a l  w o r k e r s  (2, 5). A 6 0 - g r a m  h a y  s a m p l e  

w a s  r i n s e d  f o r  3 m i n u t e s  in 900 m l  of b e n z e n e  w a r m e d  to  80~ 

r e m o v e d ,  and d r a i n e d  d r y .  The  h a y  w a s  r i n s e d  s e v e n  t i m e s  

( T a b l e  VIII) .  A f t e r  s o l v e n t  w a s h i n g ,  the  e x t r a c t e d  p lan t  m a t e r i a l  

( T a b l e  IX/ was  s u b j e c t e d  to a n u m b e r  of d i f f e r e n t  s o l v e n t  t r e a t -  

m e n t s  in the r a t i o  of 200 m l  s o l v e n t / 1 5  g r a m s  of e x t r a c t e d  p lan t  

m a t e r i a l .  T w o  1 - h o u r  r e f l u x i n g s  f o r  e a c h  s o l v e n t  w e r e  p e r f o r m e d  

wi th  b e n z e n e ,  a c e t o n i t r i l e ,  a c e t o n e ,  and e t h y l  a l c o h o l  in t ha t  o r d e r  

as  a s e r i a l  s o l v e n t  e x t r a c t i o n  on the  p r e v i o u s l y  w a s h e d  p lan t  

m a t e r i a l ,  and the  r e s u l t s  a r e  s h o w n  in T a b l e  IX. The  m a x i m u m  

r e s i d u e  found  on the  h a y  a f t e r  the i n i t i a l  s u r f a c e  w a s h i n g s  w a s  
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62. 3 ppb, or 12.9% of the total residues (benzene washings plus 

the extracted plant material). The original hay and the surface 

washings were analyzed with and without ethanolic-potassium 

hydroxide treatment. The results are shown in Table VIII. Using 

the Student's t-distribution formula and at a level of significance 

of 0.01, no significant difference was found between the alkali 

and nonalkali treatment. The original residues present on the hay 

were essentially recovered in the benzene washes, indicating a 

concentration of the compounds in the cuticle. 

Tables X and El show the amount of contaminants in the 

leaves and stems. Statistical evaluation showed no significant 

differences exist between the alkali and nonalkali treatments. A 

series of 5 composited hay samples and 5 leaf and stem samples 

from the composited hay were also analyzed. The samples were 

found to have mean values of 41~o leaves, 59~ stems, and 8.4~o 

moisture. All results were corrected to a dry-weight basis. As 

shown in Table X, the hay and its leaves and stems were refluxed 

with 200 ml of benzene/15 grams plant material for i hour, and 

the extract was stored for analysis. Refluxing was done three 

times, and the second and third extracts were pooled and stored 

for analysis. The extracted plant solids remaining were refluxed 

for 30 minutes with ethanolic alkali solution before GLC analysis. 

Three benzene extractions of the hay by refluxing resulted in re- 

coveries in excess of 97~0. 

The leaves made up 82~0 of the total residue (923 ppb), and 

the stems 18 ~0 I198 ppb) (Table XI). If the residue in a theoretical 

composited sample of leaves and stems is collected, a residue of 

1122 ppb is obtained. By direct analysis the mean of 5 field samples 

of hay containing both leaves and stems had a residue of 824 ppb. 

This residue represents 73.3~o of the theoretical calculated value 

obtained by individual direct analysis of the stems and leaves. 

Experimental errors probably account for the 26~ deviation from 
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T A B L E  X 

E f f e c t  of D e h y d r o h a l o g e n a t i o n  on R e s i d u e  Values  f o r  Alfa l fa  Hay 

Mean 
(ppb) 

F i e l d - c u r e d  c o m p o s i t e  s a m p l e  (100%) 

No de hyd r  oha l ogena t i on  

DDT 519 • 

DDE 96 • 2 

DDD 35 • 0 

Total 650 ~-54 

Dehydr ohalogenation 

Benzene extract 814 • 

E x t r a c t e d  plant  m a t e r i a l  10 • 2 

To t a l  824 • 

F i e l d - c u r e d  leaf  s a m p l e  (41%) 

No de hyd r  oha l ogena t i on  

DDT 1399 • 5 

DDE 121 • 

DDD 271 4- 5 

Total 1791 • 

Dehydr ohalogenation 

Benzene extract 2239 4-134 

Extracted plant material 15 4- 2 

Total 2254 • 

Field-cured stem sample (59%) 

No dehydr ohalogenation 

DDT 219 4-43 

DDE 21 • 7 

DDD 50 4- 0 

Total 290 • 

Dehydr ohalogenation 

Benzene extract 327 4-i 7 

Extracted plant material I0 • 1 

Total 337 • 

Standard Percent 
deviations deviations 

10.4% 
2.1% 

0 % 

8.3% 

12.2% 
20.0% 

12.0% 

0 . 4 %  

14.8% 

1.8% 
0.8% 

6.0% 

13 .3% 

6.0% 

19.6  

33 .3  

0 

% 
% 
% 

16 .5% 

5.2% 
10.0% 

4. 2% 
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t h e o r e t i c a l ,  b e c a u s e  of the  m u l t i p l e  o p e r a t i o n s  i n v o l v e d  d u r i n g  

a n a l y s i s  of t he  i n d i v i d u a l  c o m p o n e n t s .  H o w e v e r ,  i t  i s  e v i d e n t  t h a t  

t h e  g r e a t e r  p e r c e n t a g e  of p e s t i c i d e  c o n t a m i n a n t s  in  a l f a l f a  h a y  i s  

on the  l e a v e s .  

TABLE XI 

DDT-RCH Residues on a Dry-Weight Basis in Alfalfa Hay 

by Direct Analysis on Composite, Leaf, and Stem Samples, 

Compared with a Theoretical Composite Sample 

Percent Percent Percent DDT-RCH 
Sample moisture leaves stems (ppb) 

Field-cured composite 

Field-cured leaves 

Field-cured stems 

Theoretical composite 
based upon above data 
for leaves and stems 

8.4 41% ~9% 8z4 

8 . 4  100% - 2254 

8 . 4  - 100% 337 

8.4  41% 59% llZZ 

Percentage of theoretical recovered by actual analysis 73. 3% 

Percentage of theoretical residue contributed by leaves 82.0% 

Percentage of theoretical residue contributed by stems 18.0% 

The basic information collected in the above data will con- 

tribute to future work in the study of the intentional removal of 

pesticide contaminants from animal feedstuffs. 
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