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ABSTRACT 

A t r a z i n e ,  s i m a z i n e ,  2,4-D, s i l v e x ,  and 2,4,5-T, were d e t e r -  
mined i n  n a t u r a l  water samples  a t  10 ppb l e v e l s  by s o l i d  phase 
e x t r a c t i o n  on d i s p o s a b l e  C columns and T L C  on p r e a d s o r b e n t  
s i l i c a  g e l  l a y e r s  impregnaied w i t h  AgN03, exposure  t o  W l i g h t ,  
and d e n s i t o m e t r i c  s c a n n i n g .  Recove r i e s  r anged  from 70 t o  88% f o r  
t h e  t r i a z i n e s  and 93  t o  100% f o r  chlorphenoxy a c i d  h e r b i c i d e s ,  w i t h  
a v e r a g e  CV v a l u e s  of  7 t o  8%. S o l i d  phase e x t r a c t i o n  proved t o  be 
an  advan tageous  a l t e r n a t i v e  t o  c l a s s i c a l  l i q u i d - l i q u i d  p a r t i t i o n  
f o r  t h e  a n a l y s i s  of  w a t e r  f o r  t h e s e  compounds by q u a n t i t a t i v e  TLC. 

INTRODUCTION 

In e a r l i e r  p a p e r s ,  d e t e r m i n a t i o n s  of t r i a z i n e  ( 1 )  and c h l o r o -  

phenoxy a c i d  ( 2 )  h e r b i c i d e s  i n  n a t u r a l  water samples  were r e p o r t e d  

u s i n g  l i q u i d - l i q u i d  p a r t i t i o n i n g  i n  a s e p a r a t o r y  f u n n e l  fo l lowed  by 
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3434 SHERMA 

s i l i c a  ge l  T L C ,  d e t e c t i o n  wi th  s i l v e r  n i t r a t e  r e a g e n t ,  and q u a n t i f i -  

c a t i o n  by scanning dens i tomet ry .  The present  paper d e s c r i b e s  pro- 

cedures f o r  t h e  e x t r a c t i o n  and c o n c e n t r a t i o n  of t h e s e  p e s t i c i d e s  on 

d i s p o s a b l e  columns c o n t a i n i n g  C18 bonded s i l i c a  g e l .  

us ing  s o l i d  phase e x t r a c t i o n  were much s impler  and f a s t e r  and had 

adequate  recovery and p r e c i s i o n  f o r  r o u t i n e  r e s i d u e  screening .  

Analyses 

EXPERIMENTAL 

TLC was c a r r i e d  out  on Analtech s i l i c a  ge l  GF p l a t e s  con- 

t a i n i n g  a preadsorbent  s p o t t i n g  a r e a  and 19 scored l a n e s  us ing  

procedures a l r e a d y  descr ibed  (1,2). Sample and s tandard  s o l u t i o n s  

were a p p l i e d  wi th  a 25 l-ll Drummond Dialamatic  micropipe t  (1). 

P l a t e s  were preimpregnated wi th  ammoniacal s i l v e r  n i t r a t e  reagent  

p r i o r  t o  s p o t t i n g ,  and t h e  h e r b i c i d e s  were d e t e c t e d  by exposure t o  

W l i g h t .  Zones were scanned wi th  a Kontes Chromaflex densitom- 

e t e r ,  and t h e  amounts of p e s t i c i d e s  i n  samples were i n t e r p o l a t e d  

from c a l i b r a t i o n  l i n e s  r e l a t i n g  peak a r e a s  t o  weights  of s t a n d a r d s  

s p o t t e d  a long  wi th  samples on t h e  same p l a t e .  

Analysis  was c a r r i e d  out  us ing  J. T. Baker 6 m l  C18 e x t r a c -  

t i o n  columns i n  combination with t h e  Baker-10 s o l i d  phase e x t r a c -  

t i o n  ( S P E )  vacuum manifold a p p a r a t u s .  Columns were prewashed wi th  

two column volumes of reagent-grade methanol followed by two column 

volumes of  d i s t i l l e d  w a t e r .  Samples of l o c a l  c r e e k ,  r i v e r ,  and 

pond water  (250 m l ) ,  f o r t i f i e d  s e p a r a t e l y  with the  t r i a z i n e  

h e r b i c i d e s  a t r a z i n e  and s imazine a t  a c o n c e n t r a t i o n  of 10 ppb, were 
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TRIAZINE AND CHLOROPHENOXY ACID HERBICIDES 3435 

passed through 75 m l  r e s e r v o i r s  i n t o  t h e  columns a t  a flow r a t e  of 

c a .  25 m l  per minute .  Each column was washed wi th  d i s t i l l e d  w a t e r ,  

d r i e d  by drawing vacuum for  5 minutes ,  and t h e  h e r b i c i d e  then 

e l u t e d  i n t o  a 4 m l  screw-top v i a l  by pass ing  t h r e e  one-ml p o r t i o n s  

of methanol through the  column with g e n t l e  p r e s s u r e  from a p i p e t  

bu lb  r a t h e r  than vacuum. The s o l u t i o n  i n  t h e  v i a l  w a s  evaporated 

j u s t  t o  dryness  under a g e n t l e  s t ream of n i t r o g e n  on a warm 

h o t p l a t e .  The r e s i d u e  w a s  d i s s o l v e d  i n  100 u.1 of chloroform,  and 

d u p l i c a t e  20 U1 a l i q u o t s  (equiva len t  t o  500 ng f o r  100% recovery)  

were chromatographed a d j a c e n t  t o  300 ng, 500 ng,  and 700 ng amounts 

of t h e  a p p r o p r i a t e  s tandard  wi th  chloroform-acetone ( 9 : l )  a s  t h e  

mobile phase.  Recoveries were c a l c u l a t e d  a s  a l r e a d y  descr ibed  (1) .  

Analyses of 250 m l  water  samples f o r t i f i e d  s e p a r a t e l y  with t h e  

chlorophenoxy a c i d  h e r b i c i d e s  2,4-D, s i l v e x ,  and 2,4,5-T a t  10 ppb 

were performed i n  a similar manner. Water samples were a c i d i f i e d  

t o  pH 2 wi th  conc. H C 1 ,  and h e r b i c i d e s  were e l u t e d  with t h r e e  

one-ml p o r t i o n s  of  methanol. The columns were precondi t ioned  wi th  

a c i d i f i e d  water  and methanol ,  and were washed wi th  a c i d i f i e d  water  

a f t e r  pass ing  the  samples through.  The TLC mobile phase was 

hexane-glacial  a c e t i c  a c i d - d i e t h y l  e t h e r  (72:30: 18) ( 2 ) .  Other 

s t e p s  i n  t h e  procedure f o r  sol id-phase e x t r a c t i o n  and TLC were as 

descr ibed  above f o r  t h e  t r i a z i n e s .  

RESULTS AND DISCUSSION 

S o l i d  phase e x t r a c t i o n  proved t o  be an a t t r a c t i v e  a l t e r n a t i v e  

t o  c l a s s i c a l  l i q u i d - l i q u i d  p a r t i t i o n  f o r  t h e  i s o l a t i o n  and concen- 
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SHERMA 3436 

t r a t i o n  of t r i a z i n e  and chlorophenoxy a c i d  h e r b i c i d e s  from n a t u r a l  

waters  p r i o r  t o  q u a n t i t a t i v e  TLC determina t ion  a s  r e p o r t e d  e a r l i e r  

( 1 , 2 ) .  

processed a t  one t ime,  and a c o n s i d e r a b l e  sav ings  i n  s o l v e n t  usage 

r e s u l t e d .  E lua tes  were s u i t a b l e  f o r  d i r e c t  a n a l y s i s  by densitom- 

e t r y  a f t e r  d e t e c t i o n  with s i l v e r  n i t r a t e  reagent  f o r  a l l  water  

samples. Chromatograms were f r e e  of i n t e r f e r i n g  s p o t s  i n  the  

v i c i n i t y  of t h e  h e r b i c i d e s  sp iked  i n t o  t h e  samples .  Addit ional  

zones noted i n  some of t h e  sample chromatograms above or  below t h e  

p e s t i c i d e  zones were proven by blank runs t o  be caused by i n t e r -  

fe rences  t h a t  were co-ext rac ted  from t h e  water  samples r a t h e r  than 

i m p u r i t i e s  p r e s e n t  i n  t h e  column packing i t s e l f .  

Analyses were much f a s t e r ,  m u l t i p l e  samples were e a s i l y  

Recoveries by s o l i d  phase e x t r a c t i o n  were found t o  be adequate  

f o r  r e s i d u e  a n a l y s i s  a l though they were somewhat lower than those 

obta ined  e a r l i e r  by convent ional  e x t r a c t i o n .  Recoveries of 

a t r a z i n e  from c r e e k ,  r i v e r ,  and pond water  averaged 78.3, 80.4, and 

85 . O ,  r e s p e c t i v e l y ,  f o r  t r i p l i c a t e  d e t e r m i n a t i o n s ,  whi le  r e s u l t s  

f o r  s imazine were 87.9, 70.5, and 75.5%. C o e f f i c i e n t s  of v a r i a t i o n  

ranged from 5.5 t o  13%, wi th  a mean of 8.52, Recoveries of 2,4-D, 

s i l v e x ,  and 2,4,5-T i n  c r e e k ,  r i v e r ,  and pond water  averaged 

between 92.6 and 99.7% i n  a l l  cases  ( t r i p l i c a t e  d e t e r m i n a t i o n s ) ,  

wi th  CV va lues  averaging  7.4%. 

Recoveries and r e p r o d u c i b i l i t i e s  ob ta ined  f o r  a l i m i t e d  number 

of experiments wi th  C8 columns i n  p lace  of C18 were very s i m i l a r .  

These r e s u l t s  d i f f e r e d  from two e a r l i e r  s t u d i e s  in which C columns 

were somewhat s u p e r i o r  compared t o  C f o r  de te rmina t ions  of 
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TRIAZINE AND CHLOROPHENOXY ACID HERBICIDES 3431 

c h l o r i n a t e d  i n s e c t i c i d e s  ( 3 )  and n e u t r a l  p o l l u t a n t s  such a s  

p h t h a l a t e s  ( 4 ) .  

should sorb  organics  less s t r o n g l y  than C8, and it is l i k e l y  t h a t  

lower recovery on a CI8 column may be due t o  incomplete e l u t i o n .  

There appears  t o  be no reason why a C18 packing 

Water samples t h a t  were c o l l e c t e d  were c l e a r  enough not  t o  

r e q u i r e  f i l t r a t i o n .  I f  n e c e s s a r y ,  r e s i d u a l  p a r t i c u l a t e s  can be 

removed from water  samples by p lac ing  a 6 m l  Baker f i l t r a t i o n  

column and adaptor  between t h e  e x t r a c t i o n  column and t h e  r e s e r v o i r .  

Recovery s t u d i e s  us ing  a f i l t r a t i o n  column proved t h a t  i t s  presence 

i n  the  system d i d  not  lower t h e  recovery of shnazine or  2,4-D from 

f o r t i f i e d  c reek  w a t e r .  

The water  samples used i n  t h i s  s tudy  d id  not r e q u i r e  addi -  

t i o n a l  c leanup i n  order  t o  produce chromatograms t h a t  were c l e a n  

enough t o  a l low r e l i a b l e  i d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  of t h e  

h e r b i c i d e s  p r e s e n t .  It i s  l i k e l y  t h a t  o t h e r  water  types w i l l  

r e q u i r e  s o l v e n t  p a r t i t i o n i n g  ( 2 )  o r  column a d s o r p t i o n  (1) p u r i f i -  

c a t i o n  of e x t r a c t s  p r i o r  t o  TLC. Even so ,  t h e  use of s o l i d  phase 

c a r t r i d g e s  as descr ibed  above is t h e  p r e f e r r e d  f i r s t  s t e p  f o r  

e x t r a c t i o n  and c o n c e n t r a t i o n  of t h e s e  h e r b i c i d e s .  

The TLC determina t ive  procedures ,  d e n s i t o m e t r i c  s c a n s ,  and 

c a l i b r a t i o n  curves were e s s e n t i a l l y  t h e  same a s  r e p o r t e d  and 

i l l u s t r a t e d  i n  our e a r l i e r  papers  ( 1 , Z ) .  S i l v e r  n i t r a t e  d e t e c t i o n  

reagent  can be incorpora ted  i n  t h e  l a y e r  p r i o r  t o  chromatography a s  

done h e r e ,  or it can be a p p l i e d  by spraying  or  d ipping  a f t e r  TLC 

development ( 5 ) .  An advantage of TLC f o r  de te rmina t ion  of ch loro-  

phenoxy a c i d  h e r b i c i d e s  is t h a t  t h e  usual  d e r i v a t i z a t i o n  s t e p  p r i o r  

t o  gas chromatography ( 6 )  i s  not  r e q u i r e d .  
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