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ABSTRACT 

Countercurrent chromatography (CCC) was chosen for study a s  
an isolation technique f o r  pesticides and the impurities found 
with them, because its high capacity makes possible comparatively 
large batches of purified materials and because its mild operat- 
ing conditions minimize the danger of degradation during the 
separation. Technical grade fenthion, an organophosphorus insec- 
ticide, showed traces of six impurities. The principal one found 
in an analytical standard fenthion was identified as 3-methyl-4- 
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2240 RUTH ET AL. 

( m e t h y l t h i o ) a n i s o l e ,  w e l l  s e p a r a t e d  f rom t h e  f e n t h i o n .  The 2- 
o c t y l  e s t e r  o f  t h e  h e r b i c i d e  2,4,5-T was e a s i l y  s e p a r a t e d  from 
t h e  methyl  e s t e r  i m p u r i t y .  

INTRODUCTION 

The o b j e c t i v e  of t h i s  work was t o  e v a l u a t e  c o u n t e r c u r r e n t  

chromatography (CCC) a s  a method for  t h e  i s o l a t i o n  o €  pure  p e s t i -  

c i d e s  and a s s o c i a t e d  m a t e r i a l s  f 3 r  pho tochemica l  s t u d i e s .  In 

p h o t o c h e m i s t r y ,  many e x p e r i m e n t s  a r e  done t o  measure  t h e  i n i t i a l  

r a t e  of fo rma t ion  of a p r o d u c t  o r  t h e  i n i t i a l  r a t e  n f  d e g r a d a t i o n  

of t h e  s t a r t i n g  mater ia l ,  w i t h  b o t h  t h e  c o n c e n t r a t i o n  and t h e  ex- 

t e n t  o f  r e a c t i o n  h e l d  t o  low v a l u e s .  The s m a l l e r  t h e  e x t e n t  of 

d e g r a d a t i o n ,  t h e  g r e a t e r  are t h e  u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  

t h e  p r e s e n c e  of i m p u r i t i e s .  The q u e s t i o n s  r a i s e d  i n c l u d e  not  on ly  

whether  minor components are d e g r a d e d ,  bu t  a l s o  whe the r  s e n s i t i z a -  

t i o n  or quenching  o c c u r s  th rough  t h e  i n t e r a c t i o n  o f  e n e r g v  s t a t e s  

of t h e  d e s i r e d  r e a g e n t  and an unknown o r  u n d e s i r e d  s p e c i e s .  The 

organophosphorus  p e s t i c i d e s  a r e  impor t an t  p a r t l y  because  of t h e i r  

env i ronmen ta l  d e g r a d a b i l i t y ,  b u t  t h a t  same r e a c t i v i t y  c o n t r i b u t e s  

t o  t h e  d i f f i c u l t y  o €  o h t a i n i n e .  h i g h  p u r i t y  m a t e r i a l s  and of  pre- 

s e r v i n g  them i n  s t o r a g e .  

C o u n t e r c u r r e n t  chromatography r o u t i n e l y  h a n d l e s  much l a r g e r  

q u a n t i t i e s  of m a t e r i a l s  t h a n  e i t h e r  g a s  ch romatography  (GC) or 

h i g h  per formance  l i q u i d  chromatography (HPLC). That  i s  a d i s t i n c t  

advan tage  whenever a r e l a t i v e l y  l a r g e  q u a n t i t y  of a p u r i f i e d  mate- 

r i a l  i s  needed f o r  an e x p e r i m e n t a l  p rogram,  b e c a u s e  o f  t h e  g e n e r a l  

p r i n c i p l e  t h a t  i t  i s  d e s i r a b l e  t o  u s e  p o r t i o n s  of a s i n g l e  un i fo rm 

b a t c h  o f  r e a g e n t  i n  a s e r i e s  of e x p e r i m e n t s .  E q u a l l y  impor t an t  i s  

t h e  g e n t l e n e s s  o f  c o u n t e r c u r r e n t  chromatography a s  a t e c h n i q u e  f o r  

h a n d l i n g  r e a c t i v e  c h e m i c a l s  o r  b i o l o g i c a l  m a t e r i a l s .  The CCC 

sys t em c o n s i s t s  o f  two p r e e q u i l i b r a t e d  phases  c o n t a i n e d  by i n e r t  

t e f l o n  wal l s .  The sample i n  s o l u t i o n  is p a r t i t i o n e d  between t h e  

two l i q u i d s .  The absence  of an  a d s o r b i n g  s o l i d  phase  e l i m i n a t e s  

t h e  l o s s  of sample components by i r r e v e r s i b l e  a d s o r p t i o n .  It  min- 

imizes  any d e n a t u r a t i o n  o f  b i o c h e m i c a l s  by r e a c t i o n s  a s s o c i a t e d  
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SEPARATION OF PESTICIDES AND IMPURITIES 2241 

with the adsorption-desorption process. The degradation of the 

sample is reduced by the absence of heated apparatus from the CCC 

system. Where thermal ly-activated reactions occur at room temper- 

ature, they should be further reducible by operation at a lower 

temperature in a thermostatted room. Oxidative degradation of 

sensitive materials could be reduced by initial purging of solvent 

phases during preequilibration and by operation of the system in 

an inert atmosphere. 

Fenthion (I) was developed by Schrader and Schlegk (1,2). It 

is a contact and stomach insecticide and has been used against a 

variety of household, earden, and crop pests and against animal 

parasites (2,3). 

tolylphosphorothioate. Tn the Chemical Ahstracts svstem, it is 

called 0,O-dimethyl O-[3-methyl-4-(methylthio)phenyl]phosphoro- 

thioate. The literature contains many code numbers and trade 

marks (2). References to various analytical procedures are listed 

by Ibrahim and Cavagnol ( 3 ) ,  who developed a method based on the 

ultraviolet (UV) absorption by fenthion at 252 nM, after chroma- 

tography on a Florisil column with heptane. 

Its IUPAC name is 0,O-dimethyl 0-41nethylthioz- 

A number of compounds are sometimes found in association with 

CH3 

I 
fenthion as original impurities o r  as alteration products. They 

include the S-methyl isomer; the oxon, i n  which the sulfur bonded 

to the phosphorus is replaced by an oxygen atom; 4-(methylthio)-~- 

cresol; 3-methyl-4-(methylthio)anisole (11); 0,O-dimethyl chlori- 

dophosphorothioate; and 0 ,O,O ,0-tet ramethyl d ithiopyrophosphate 

I1 
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2242 RUTH ET AL. 

( 3 ) .  

isomer,  and of  i t s  oxon would be expec ted  t o  be formed by ox ida -  

t i o n  of t h e  t h i o e t h e r s  ( 4 , 5 ) .  

The s u l f o x i d e s  and s u l f o n e s  of  f e n t h i o n ,  o f  i t s  S-methyl 

The h i s t o r y  of World War I1 r e s e a r c h  on t h e  phenoxy h e r b i -  

c i d e s  and o f  t h e i r  i n t r o d u c t i o n  as commercial  w e e d k i l l e r s  a f t e r  

t h e  war has  been reviewed by Loos ( 6 ) .  The compounds are espe-  

c i a l l y  va lued  f o r  t h e i r  s e l e c t i v e  a c t i o n  a g a i n s t  broad-leaved 

weeds bu t  no t  a g a i n s t  g r a s s e s .  The commercial  ' ' i s o o c t y l "  es te rs  

are m i x t u r e s  of  t h e  es ters  of many a l c o h o l s ,  ma in ly  branched o c t a -  

n o l s .  T h e i r  p h o t o d e g r a d a t i o n  p r o d u c t s  become c o r r e s p o n d i n g l y  more 

complex m i x t u r e s .  

i n  t h e  c a s e  of 2,4,5-trichlorophenoxyacetic a c i d  (1111, c a l l e d  

In o r d e r  t o  s i m p l i f y  t h e  pho toproduc t  a n a l y s i s  

CI 
\ 

111 

2,4,5-T, t h e  L - o c t y l  es ter  was p r e p a r e d  ( 7 ) .  

matography was a p p l i e d  for  t h e  p u r i f i c a t i o n  of t h e  es te r .  

C o u n t e r c u r r e n t  ch ro -  

MATERIALS AND METHODS 

Mate r i a  1s 

T e c h n i c a l  g r a d e  f e n t h i o n  (96%) was o b t a i n e d  from Lhe Environ-  

men ta l  P r o t e c t i o n  Agency's l a b o r a t o r y  i n  R e l t s v i l l e ,  and a n a l y t i -  

c a l  s t a n d a r d  Penthion from t h e  A g r i c u l t u r a l  Chemicals  D i v i s i o n  o f  

Lhe Mobay Chemical C o r p o r a t i o n ,  Kansas C i t y ,  M i s s o u r i .  

yl-4-(methylthio)anisole was ENT-70081 from t h e  Entomology Co l l ec -  

t i o n  of t h e  R e l t s v i l l e  A g r i c u l t u r a l  Research C e n t e r ,  made by S. C .  

Johnson and Son. 

by t h e  Chemical P r o d u c t s  D i v i s i o n  of Crown Z e l l e r b a c h .  The f en -  

t h i o n  oxon, f e n t h i o n  oxon s u l f o x i d e ,  and f e n t h i o n  oxon s u l f o n e  

The 31neth-  

The 4 - ( m e t h y l t h i o ) ~ - c r e s o l  was ENT-28074, made 
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SEPARATION OF PESTICIDES AND IMPURITIES 2243 

!were EPA T e c h n i c a l  M a t e r i a l s  Nos. 5 6 8 ,  569 ,  and 5 7 0 ,  r e s p e c t i v e l v .  

The f e n t h i o n  s u l f o x i d e  and f e n t h i o n  s u l f o n e  were Chemagro materi-  

a l s .  The ;-octyl e s t e r  of  2,4,5-T was p r e p a r e d  i n  t h e  Organ ic  

Chemical S y n t h e s i s  L a b o r a t o r y  a t  B e l t s v i l l e .  

Count e r c u r r e n t  5-hsmatography 

All o f  t h e  CCC s e p a r a t i o n s  were done wi th  t h e  new h o r i z o n t a l  

f low-through c o i l  p l a n e t  c e n t r i f u g e  ( 8 ) .  The column c o n s i s t e d  o f  

10 h e l i c a l  u n i t s  wound from 810 PTFE t u b i n g  ( 2 . 6  mM I . D . )  and con- 

nec ted  i n  s e r i e s ,  as d e s c r i b e d  i n  d e t a i l  by I t o  and Rowman ( 9 ) .  

I t  had a t o t a l  of  about 1000 h e l i c a l  t u r n s  and a c a p a c i t y  of  ahout 

260 mL. It was mounted on t h e  g e a r  s i d e  h o l d e r  a t  B = 0 . 2 3  (10).  

The speed  of r o t a t i o n  was 400 rpm. The s o l v e n t  f low r a t e  from t h e  

Chromatronix m e t e r i n g  pump was 24 mL/hour. The mon i to r  was an  LKR 

Uvicord S .  An LKR r e c o r d e r ,  o p e r a t e d  at a c h a r t  speed of  1 s e c t i o n  

per h o u r ,  and an  LKR f r a c t i o n  c o l l e c t o r  were used. 

The s o l v e n t  s y s L e m  € O K  f e n t h i o n  w a s  p r e p a r e d  by e q u i l b r a t i n g  

hexane and methanol (2:l by volume).  The upper  phase was m o b i l e .  

The p a r t i t i o n  c o e f f L c i e n t  C u / C l ,  where CI1 and C1 a r e  t h e  c o n c e n i r a -  

t i o n s  i n  t h e  upper  and lower p h a s e s ,  r e s p e c t i v e l y ,  was 0 .56.  The 

sample was 20 !JL f e n t h i o n ,  mixed wi th  5 mL o f  t h e  upper  phase f o r  

charginp, .  The f r a c t i o n  c o l l e c t o r  was o p e r a t e d  a t  6 m l / t u b e  ( 1 5  

m i n u t e s / t u b e ) .  

For p r o c e s s i n g  t h e  2,4,5-T 3 - o c t y l  e s t e r ,  a hexane-methanol- 

w a t e r  sys t em was i n v e s t i g a t e d .  In hexane -me thano l ,  w i t h o u t  w a t e r ,  

t h e  p a r t i t i o n  c o e f f i c i e n t  C u / C l  was 0 . 6 0 .  

mL me thano l ,  and 10 mL w a t e r ,  t h e  c o e f f i c i e n t  was c a l c u l a t e d  t o  be 

2 . 4 3 .  For 100 mL hexane ,  80 mL m e t h a n o l ,  and 20 mL w a t e r ,  t h e  

p a r t i t i o n  c o e f f i c i e n t  was 8.40. The hexane-methanol sys t em,  wi th -  

ou t  w a t e r ,  was judged t o  be s a L i s f a c t o r y  and was used i n  t h e  sepa- 

r a t i o n .  The upper phase was mob i l e .  For t h e  c o u n t e r c u r r e n t  ch ro -  

matogram i n  F igu re  1 ( C ) ,  t h e  sample c o n s i s t e d  o f  250 u L  o f  Lhe 

e s t e r  mixed w i t h  5 mL o f  t h e  upper  phase and 5 mL of  t h e  lower 

phase ,  which gave a homogeneous, s i n g l e - p h a s e  sample f o r  i n j e c t  i o n .  

For 100 m L  h e x a n r ,  90 
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Figure 1. Countercurrent chromatograms. ( A )  Technical fenLhion 
(96%). (B) Fenthion analytical standard (97.2%). (C) The 2-octyl 
ester of 2,4,5-trichlorophenoxyacetic acid (2,4,5-T). (Numerical 
peak labels as defined in the discussion.) 
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F i g u r e  2 .  R e s u l t s  o f  t h i n  l a y e r  c h r o m a t o T r a p h g i c  t e s t s  oE f e n t h i o n  
a n d  r e l a t e d  compounds.  R f  = ( d i s t a n c e  t r a v e l e d  by s p o t  ) / ( d i s t a n c e  
t r a v e l e d  by s o l v e n t  f r o n t ) .  

A s i m i l a r  r u n  w i t h  o n e - f i f t h  o f  t h i s  s a m p l e  s i z e  had g i v e n  s i m i l a r  

r e s u l t s .  

T h i n  L a y e r  C h r o m a t o g r a p h y  
I_ 

T h i n  l a y e r  c h r o m a t o g r a p h y  was d o n e  a c c o r d i n g  t o  t h e  p r o c e d u r e  

d e s c r i b e d  by I b r a h i m  a n d  C a v a g n o l  ( 3 ) .  The p l a t e s  u s e d  were 

A p p l i e d  S c i e n c e  L a b s  S a f e t y - K o t e s .  F e n t h i o n ,  t e c h n i c a l  96% and 

a n a l y t i c a l  s t a n d a r d  9 7 . 2 % ,  was u s e d  w i t h o u t  d i l u t i o n  ( 1  u L / s p o t ) .  
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2246 RUTH ET AL. 

The o t h e r  compounds were e a c h  d i s s o l v e d  in  r e d i s t i l l e d  a c e t o n e  €or 

s p o t t i n g  (10 V L  o f  1 g/L s o l u t i o n / s p o t ) .  

oped w i t h  a mix tu re  of  h e p t a n e  and r e d i s t i l l e d  a c e t o n e  (7:l by vol-  

i n e ) ,  sp rayed  w i t h  DCQ r e a g e n t  (2,6-dibromo-~-chloro-~-quinoneinr 

i n e ,  1% i n  a c e t o n e ) ,  and h e a t e d  i n  t h e  oven at 110 C f o r  10 min. 

The p l a t e s  were d e v e l -  

g S 2  Sgec t romet ry  

Gas chromatography/mass s p e c t r o m e t r y  of  f e n t h i o n  and r e l a t e d  

compounds was done w i t h  a n  OV-17 column, an  RMU6 mass s p e c t r o m e t e r ,  

and an INCOS d a t a  sys t em,  excep t  for t h e  compound I1 s t a n d a r d .  For 

t h a t  one ,  a n  OV-101 column, a F i n n i g a n  3200 mass s p e c t r o m e t e r ,  and 

t h e  INCOS d a t a  system were used.  The 2 , 4 , 5 - T  es te rs  were ana lyzed  

wi th  a 60-M SE30 c a p i l l a r y  column, a F i n n i g a n  4021 mass s p e c t r o m e t e r ,  

and a F inn igan  INCOS d a t a  s y s t e m .  

RESULTS AND DISCUSSION ---- -- 

The c o u n t e r c u r r e n t  chromatogram of  t h e  t e c h n i c a l  f e n t h i o n  i s  
shown i n  F i g u r e  1(A) and t h a t  of  t h e  a n a l y t i c a l  s t a n d a r d  Een th ion ,  

i n  F i g u r e  l ( B ) .  The t e c h n i c a l  g r a d e  i n s e c t i c i d e  y i e l d e d  t r a c e s  of 

s i x  i m p u r i t i e s ,  i n  a d d i t i o n  t o  t h e  Pen th ion ,  which is r e p r e s e n t e d  by 

CCC peak 4.  The f e n t h i o n  a n a l y t i c a l  s t a n d a r d  showed o n l y  t h e  

f e n t h i o n  and one i m p u r i t y ,  CCC peak 2. Thin  l a y e r  chromatography 

( F i g u r e  2) d i d  not Eind a l l  of t h e  i m p u r i t i e s  of t h e  t e c h n i c a l  

f e n t h i o n  t h a t  a r e  c l e a r l y  seen  on t h e  CCC c h a r t .  On t h e  o t h e r  

hand,  i t  d i d  show a weak s p o t  c o r r e s p o n d i n g  t o  t h e  slow-moving 

component of  Rf 0.08 found a l s o  i n  t h e  t e c h n i c a l  g r a d e  m a t e r i a l .  

Th i s  may r e p r e s e n t  a t r a c e  of  t h e  component r e c o r d e d  by CCC peak 7 
i n  F i g u r e  1 ( A )  f o r  t h e  t e c h n i c a l  g rade  sample,  w ide ly  s e p a r a t e d  

from t h e  f e n t h i o n .  

The mass spectrum ( F i g u r e  3 ( A ) )  from f r a c t i o n  47, CCC peak 2, 

t h e  main i m p u r i t y  i n  t h e  a n a l y t i c a l  s t a n d a r d ,  h a s  as i t s  most s i g -  

n i f i c a n t  i o n s  m/z 168(P.I loo%),  153(80%), 1 3 8 ( 5 0 % ) ,  1 0 9 ( 4 0 % ) ,  79 

( 2 6 x 1 ,  and 77(27%). The c o r r e s p o n d i n g  peaks i n  t h e  mass spec t rum 
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Figure 3. Mass spectra of 3-rnethyl-4-(methylthio)anisole, with 
intensity relative to the base peak, RI(%), versus the mass/charge 
ratio, m / z .  ( A )  CCC Fraction 47, Figure 1 ( A ) .  (B) 31nethyl-4- 
(methy1thio)anisole. 
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Figure 4 .  Mass s p e c t r a  of f e n t h i o n ,  with i n t e n s i t y  r e l a t i v e  t o  
the base peak, RI(%), versus  the mass/charge r a t i o ,  m/z.  
€ r a c t i o n  6 3 ,  Figure l ( A ) .  ( 8 )  Fenthion.  

( A )  CCC 
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F i g u r e  5. 
t o  t h e  b a s e  peak ,  RI(%), v e r s u s  t h e  mass / cha rge  r a t i o ,  m/z. ( A )  The 
component i n  CCC f r a c t i o n s  105-123. 
(C) The component i n  CCC f r a c t i o n s  160-190. 

Mass s p e c t r a  o f  t h e  2,4,5-T es te rs ,  w i t h  i n t e n s i t y  r e l a t i v e  

(B) The 2 - o c t y l  es ter  o f  2,4,5-T. 
(D) The me thy l  e s t e r  of 

2,4,5-T. 

( F i g u r e  3(B)) of  3-methyl-4-(methylthio)anisole (11) a r e  m/z 168 

(RI l o o % ) ,  153(78%), 138(42%), 109(36%), 79(22%), and 77(26%), 

c o n f i r m i n g  t h e  t h i n  l a y e r  i d e n t i f i c a t i o n  o f  CCC peak 2 a s  t h i s  

compound. C o n s i d e r i n g  t h e  s m a l l  s i z e  of  t h e  GC peak o b t a i n e d  from 

CCC f r a c t i o n  47 ( a b o u t  3 times the h e i g h t  of t h e  background)  and 

t h e  o v e r l a p  of i t s  t r a i l i n g  s i d e  w i t h  a s m a l l  p h t h a l a t e  peak ,  t h e  

agreement  i s  ve ry  good. The p h t h a l a t e  p l a s t i c i z e r  is a comnon 

con taminan t  i n  l a b o r a t o r y  p r o c e d u r e s ,  p r o b a b l y  i n t r o d u c e d  i n  t h e  

a n a l y t i c a l  m a n i p u l a t i o n  of t h e  f r a c t i o n .  
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F r a c t i o n  6 3 ,  CCC peak 4 y i e l d e d  a mass spec t rum ( F i g u r e  4(A)) 

w i t h  i t s  most i n t e n s e  ion peaks at m/z 278(RI l0Ox),  1 6 9 ( 2 5 % ) ,  153 

( 2 5 % ) ,  125(62%) ,  1 0 9 ( 4 3 % ) ,  93 (24%)  , 79(31%) ,  and 63 (18%) .  In t h e  

mass spectrum ( F i g u r e  4 ( B ) )  of f e n t h i o n  ( I ) ,  t h e y  a r e  m/z 278(RI 

loo%),  1 6 9 ( 2 8 % ) ,  1 5 3 ( 2 4 % ) ,  1 2 5 ( 6 2 % ) ,  1 0 9 ( 4 7 % ) ,  9 3 ( 2 5 % ) ,  7 9 ( 3 0 % ) ,  

and 6 3 ( 1 9 % ) ,  c o n f i r m i n g  t h e  i d e n t i f i c a t i o n  of CCC peak 4 a s  t h e  

f e n t h i o n  peak.  The f e n t h i o n  s t a n d a r d  was e a s i l y  p u r i f i e d  by coun- 

t e r c u r r e n t  chromatography.  

GC/MS a n a l y s i s  o f  f r a c t i o n s  from t h e  two p r i n c i p a l  peaks i n  

t h e  CCC s e p a r a t i o n  of  t h e  2,4,5-T es ters  a g r e e d  w i t h  an e a r l i e r  

GC/MS a n a l y s i s  of  t h e  s y n t h e s i s  m i x t u r e ,  and b o t h  sets  of a n a l y s e s  

were confirmed by computer comparisons of t h e  mass s p e c t r a  w i t h  

l i b r a r y  s p e c t r a .  A s  expec ted  f o r  t h e  3 5 ~ 1 - 3 ~ C l  i s o t o p i c  combina- 

t i o n s  i n  a t r i c h l o r o  compound, t h e  m a t e r i a l  in CCC f r a c t i o n s  105- 

123 ( F i g u r e  5(A)) gave molecu la r  i ons  a t  m/z 366(RI 2 . 1 % ) ,  368 

( 2 . 0 % ) ,  and 370(0.4%).  

366 (RI 3.521,  3 6 8 ( 3 . 6 % ) ,  and 370(0 .6%) .  The agreement  i n  r e l a t i v e  

i n t e n s i t i e s  i s  good, under  t h e  d i f f e r e n c e  i n  i o n  s o u r c e  c o n d i t i o n s .  

"he compound i n  CCC f r a c t i o n s  160-190 ( F i g u r e  5 ( C ) )  gave mole- 

c u l a r  i nns  at m/z 268(4 I  1 7 % ) ,  270(16%) ,  and 272(2 .4%) .  The me thy l  

es ter  ( F i g u r e  5 (D) )  showed m/z 268(RI 18%), 270(17X), and 272 

( 4 . 7 % ) .  The mass s p e c t r a  i d e n t i f y  t h e  m a t e r i a l  i n  CCC f r a c t i o n s  

105-123 a s  t h e  1 - o c t y l  ester of 2,4,5-T and t h a t  i n  fractions 160- 

190 a s  t h e  methyl es ter  o f  2,4,5-T. 

The n - o c t y l  ester ( F i g u r e  5 ( R ) )  shows m/z 

I n  bo th  of t h e  examples s t u d i e d ,  t h e  organophosphorus in sec -  

t i c i d e  f e n t h i o n  and t h e  phenoxy h e r b i c i d e  2,4,5-T, c o u n t e r c u r r e n t  

chromatography was found t o  be an e x c e l l e n t  t e c h n i q u e  For t h e  sep- 

a r a t i o n  o f  q u a n t i t i e s  of  pure material .  

ACKNOWLEDGMENTS 

The a u t h o r s  are g r a t e f u l  t o  t h e  A g r i c u l t u r a l  Chemicals  D iv i -  

s i o n  of t h e  Mobay Chemical C o r p o r a t i o n  f o r  t h e  a n a l y t i c a l  s t a n d a r d  

f e n t h i o n  used,  and t o  a l l  o f  t h o s e  who i n  t h e  p a s t  c o n t r i b u t e d  

v a l u a b l e  materials t o  t h e  l a b o r a t o r i e s  and c o l l e c t i o n s  mentioned.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF PESTICIDES AND IMPURITIES 22s 1 

1. 

2. 

3 .  

4 .  

5 .  

6 .  

7. 

8. 

9. 

10. 

REFERENCES 

Schrader, G. , Development of the Uayer Product "S 1752", 
HEfchen-Briefe (Bayer) 13, 1 (1960). 

Worthing, C. S. and Walker, S. B., editors, The Pesticide 
Manual, 7th ed., The British Crop Protection Council (1983). 

Ibrahim, F. B. and Cavagnol, J. C., Ultraviolet Spectrophoto- 
metric Method for Fenthion, 2. &. Food Chem. 3, 369 (1966). 
Niessen, H., Tietz, H. and Frehse, H., On the Occurrence nf 
Biologically Active Metabolites of the Active Ingredient 

--- 

S 1752 afLer ApplicaL ion of LEUAYCID, Pflanzenschutz- -- Nachrichten "8ayer", 15, 125 (1962). 

Eto, M., Organophosphorus Pesticides: Or anic and Biological - Chemistry, CRC Press, Boca Raton, F l o r h 7 X  

Loos,  M. A,, Phenoxyalkanoic Acids, Chapter 1 of Herbicides: 
Chemistry, Degradation_and EoA of Action, ed. by Kearney, 
P. C. and Kaufman, D. D., 2nd ed., Marcel Dekker, Inc., New 
York (1975). 

Ruth, J. M., Mass Spectrometry, Chapter 12 of Handbook of 
Natural Pesticides: Methods, Vol. 2., ed. by Mandava, N. B., 
CRC Press, Boca Raton, Florida (In Press). 

Tto, Y., Countercurrent Chromatography, J. Biochem. Piophys. 
Methods 5 _ ,  105 (1981). 

Ito, Y. and Bowman, R. L., Preparative Countercurrent Chroma- 
tography with Horizontal Flow-Through Coil Planet Centrifuge, 
J. Chromatogr. 147, 221 (1978). 

The constant B is the ratio r/R, in which r is the radius of 
rotation and 9 is the radius of revolution of the helical 
column, as described in Reference (9) above. 

- --- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


