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JOURNAL OF LIQUID CHROMATOGRAPHY, 5(1),  49-62 ( 1 9 8 2 )  

HIGH-PERFORMANCE LIQUID CHROMATOGRAPHIC DETERMINATION 
OF TRACE QUANTITIES OF AZINPHOS METHYL AND 

AZINPHOS METHYL OXON I N  VARIOUS WATER SOURCES 
BY DIRECT I N J E C T I O N  A N D  TRACE ENRICHMENT 

R . J .  Bushway 

Department of  Food S c i e n c e  
102 B Holmes H a l l  

U n i v e r s i t y  o f  Maine 
Orono ,Maine 04469 

ABSTRACT 

A high-performance l i q u i d  chromatographic  (HPLC) 
method i s  d e s c r i b e d  f o r  t h e  d e t e r m i n a t i o n  o f  t r a c e  
amounts o f  t h e  organophosphate  i n s e c t i c i d e ,  az inphos  
methyl  and i t s  d e g r a d a t i o n  p roduc t ,  az inphos  me thy l  
oxon, by d i r e c t  i n j e c t i o n  and by t r a c e  enr ichment .  The 
compounds were ana lyzed  on a UBondapak C 1 8  column w i t h  
UV d e t e c t i o n  a t  2 2 4  nm. The mobi le  phase  f o r  t h e  a n a l -  
y s i s  was a c e t o n i t r i l e - w a t e r  ( 5 0 : 5 0 )  a t  a f low r a t e  o f  
1 .3  ml/min. Ten minutes  were r e q u i r e d  f o r  t h e  chroma- 
t o g r a p h i c  a n a l y s i s .  Xa te r  from t h r e e  s o u r c e s ,  p u b l i c  
wa te r  supp ly ,  s t r eam,  and ocean was ana lyzed  f o r  a z i n -  
phos methyl  and az inphos  methyl  oxon a t  c o n c e n t r a t i o n s  
as low as 11.9 and 11.3 ppb, r e s p e c t i v e l y ,  w i t h o u t  a 
c lean-up ,  c o n c e n t r a t i o n  o r  d e r i v a t i z a t i o n  s t e p .  Azin- 
phos methyl  was q u a n t i t a t e d  a t  0 .29  ppb and az inphos  
methly oxon a t  0 .27  ppb by employing a c o n c e n t r a t i o n  
s t e p  i n v o l v i n g  a C18 Sep-Pak c a r t r i d g e .  The c o e f -  
f i c i e n t s  o f  v a r i a t i o n  f o r  a l l  d e t e r m i n a t i o n s  r anged  
from 0 . 7 7  t o  9.06%. Peak h e i g h t s  were used  f o r  q u a n t i -  
t a t i o n .  S e v e r a l  o t h e r  p e s t i c i d e s  have been  shown n o t  
t o  i n t e r f e r e  w i t h  t h e  a n a l y s i s  o f  e i t h e r  compound. 

I N T R O D U C T I O N  

Azinphos me thy l  (0,O-Dimethyl S- 4-0x0-1,2,3-  
benzotriazin-3(4H)-ylmethyl p h o s p h o r o d i t h i o a t e  i s  an 
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50 BUSHWAY 

organophosphate  p e s t i c i d e  t h a t  i s  e x t e n s i v e l y  used  be- 
cause  of  i t s  e f f e c t i v e n e s s  on suck ing  and chewing i n -  
s e c t s .  T o x i c i t y  s t u d i e s  performed on whole a n i m a l s  
t h u s  f a r  have demonst ra ted  t h a t  az inphos  methyl  i s  one 
o f  t h e  more t o x i c  o f  t h e  organophosphate  p e s t i c i d e s  
( 1 , 2 ) .  Also az inphos  methyl  i s  one o f  t h e  more p e r s i s -  
t e n t  organophosphates  ( 3 , 4 ) .  I n  s u n l i g h t  o r  i n  wa te r  
t h e  compound decomposes t o  N-methyl benzaz imide ,  benz- 
az imide ,  a n t h r a n i l i c  a c i d ,  az inphos  methyl  oxon and 
o t h e r  compounds ( 4 , 5 ) .  O f  a11 t h e s e  d e g r a d a t i o n  pro-  
d u c t s  t h e  oxygen ana log  is  t h e  most t o x i c .  Because of 
i t s  p o s s i b l e  t o x i c i t y ,  p e r s i s t e n c e  and wide u s e  n e a r  
wa te r  s u p p l i e s ,  a r a p i d ,  a c c u r a t e  and s e n s i t i v e  method 
i s  needed t o  de t e rmine  az inphos  methyl  and i t s  degrad-  
a t i o n  product  az inphos  methyl  oxon i n  water. 

amounts of  t h e s e  compounds i n c l u d e  c o l o r i m e t r i c ,  
f l u o r i m e t r i c ,  gas chromatographic  (GC) and h igh -  
performance l i q u i d  chromatographic  (HPLC) p rocedures .  
The c o l o r i m e t r i c  (6,7) f l u o r i m e t r i c  (8 )  and g a s  chro-  
matographic  (9-13) methods a r e  t ime consuming due  t o  
l e n g t h y  e x t r a c t i o n s ,  column c lean-up  and/or d e r i v a t i -  
z a t i o n  s t e p s .  Futhermore excep t  f o r  t h e  GC procedures  
t h e s e  methods a r e  n o n s p e c i f i c .  S i n c e  az inphos  me thy l  
and az inphos  methyl  oxon a r e  h e a t  l a b i l e ,  a n a l y s i s  by 
GC i s  d i f f i c u l t .  These d i s a d v a n t a g e s  i n  t h e  o t h e r  me- 
thods  can  be circumvented by u s i n g  HPLC. However, t h e  
HPLC procedures  developed t h u s  far a r e  n o t  a p p l i c a b l e  
t o  water (14-18). T h i s  pape r  p r e s e n t s  a r a p i d ,  a c c u r a t e  
and s e n s i t i v e  HPLC method f o r  t h e  d e t e r m i n a t i o n  o f  
az inphos  methyl  and az inphos  methyl  oxon i n  w a t e r  a t  
low ppb l e v e l s  e i t h e r  by d i r e c t  i n j e c t i o n  o r  t r a c e  en- 
r ichment  us ing  a C18 Sep-Pak c a r t r i d g e .  

P r e s e n t  methods f o r  t h e  d e t e r m i n a t i o n  of  t r a c e  
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AZINPHOS METHYL AND AZINPHOS METHYL OXON 51 

EXPERIMENTAL 

S o l v e n t s  and P e s t i c i d e s  
A c e t o n i t r i l e  and wa te r  were o f  HPLC grade  and were 

purchased  from F i s h e r  S c i e n t i f i c  Co. ( P i t t s b u r g h , P A ) .  
Azinphos methyl  and az inphos  methyl  oxon bo th  w i t h  a 
p u r i t y  of  96.9% were ob ta ined  from Mobay Chemical Co. 
(Kansas  City,MO). A l l  o t h e r  p e s t i c i d e s  were o b t a i n e d  
from t h e  Environmental  P r o t e c t i o n  Agency (Research  T r i -  
ang le  Park,NC) w i t h  p u r i t i e s  r ang ing  from 98 t o  99.9%. 
P e s t i c i d e  s t a n d a r d s  were d i s s o l v e d  i n  ACS g r a d e  metha- 
n o l .  HPLC grade  a c e t o n i t r i l e  was used  t o  e l u t e  az inphos  
methyl  and az inphos  methyl  oxon from t h e  C 1 8  Sep-Pak 
c a r t r i d g e  ( d a t e r s  Assoc. ,Milford,MA) . ACS g r a d e  methanol  
and HPLC g r a d e  wa te r  were employed t o  a c t i v a t e  t h e  Sep- 
Pak. 

Water Samples 
viater samples  were o f  t h r e e  types - -d r ink ing ,  

stream and sa l t  wa te r .  The d r i n k i n g  wa te r  was o b t a i n e d  
a t  t h e  l a b o r a t o r y ;  t h e  s t r eam water  was c o l l e c t e d  i n  
Orono, ME and t h e  sa l t  wa te r  from t h e  A t l a n t i c  Ocean i n  
S u l l i v a n ,  ME. 

S tanda rd  P r e p a r a t i o n  
S tock  s o l u t i o n s  o f  az inphos  me thy l  and az inphos  

methyl  oxon were p repa red  a t  c o n c e n t r a t i o n s  o f  1 .19  mg 
/ m l  and 1.13 mg/ml, r e s p e c t i v e l y .  One m l  o f  each  s t o c k  
s o l u t i o n  was added t o  a 100 m l  vo lumet r i c  f l a s k  and 
brought  t o  volume w i t h  methanol .  A l l  s o l u t i o n s  used  f o r  
d i r e c t  a n a l y s i s  and t r a c e  enr ichment  were p repa red  by 
a p p r o p r i a t e  d i l u t i o n s  of t h i s  100 m l  s o l u t i o n .  

Appara tus  

pump, a U 6 K  i n j e c t o r ,  a S c h o e f f e l  ($Jestwood,NJ) v a r i -  
ab le -wavelength  UV d e t e c t o r  and a Houston I n s t r u m e n t s  

The HPLC system c o n s i s t e d  of  a d a t e r s  Assoc.  6 0 0 0 ~  
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52 BUSHWAY 

(Aust in ,TX) d u a l  pen r e c o r d e r .  The column (30 cm x 4 mm 
I . D . )  was a uBondapak C 1 e  (Waters  Assoc . ;  p a r t i c l e  s i z e  
1 0  u m ) .  Ope ra t ing  c o n d i t i o n s  were: mobi le  phase ,  
a c e t o n i t r i l e - w a t e r  (50 :50) ;  f low r a t e ,  1 .3  ml/min; c o l -  
umn t empera tu re ,  ambient :  wavelength,  224 nm; a t t e n u a -  
t i o n ,  0 .04 a . u . f . s . ;  and c h a r t  speed ,  0 . 4  in/min. 

For t r a c e  enrichment  s t u d i e s  a F l u i d  Mete r ing  
(Oys te r  Bay,NY) pump (Model RP-SY) w a s  employed. Con- 
n e c t i o n s  a t  t h e  o u t l e t  and i n l e t  ends  o f  t h e  pump were 
made w i t h  T e f l o n  t u b i n g  and a C 1 8  Sep-Pak c a r t r i d g e  was 
connected t o  t h e  o u t l e t  end. The f low r a t e  was s e t  a t  
22.2 ml/min. 

A n a l y t i c a l  Procedure  
Q i y e c t - a g a l y g i s ~  Water samples  as r e c e i v e d  and 

sp iked  were f i l t e r e d  ( 2  ml) th rough a 0 .45  urn M i l l i p o r e  
aqueous f i l t e r  (Waters  Assoc.)  and i n j e c t e d  (250 u l )  
d i r e c t l y  i n t o  t h e  HPLC system. 

- Trace enyichment:  Water samples (250 m l )  were 
sp iked  a t  a l e v e l  o f  0 .29,  2 .62 ,  5 .24  and 10 .48  ppb f o r  
az inphos  methyl  and 0 . 2 7 ,  2 .49,  4 .98 and 9.96 ppb f o r  
az inphos  methyl  oxon. For  a l l  s p i k i n g  l e v e l s  excep t  
10.48 and 9 .96  ppb ( f o r  which 100 m l  were used)  250 m l  
o f  wa te r  were pas sed  through a n  a c t i v a t e d  C 1 a  Sep-Pak 
c a r t r i d g e  us ing  t h e  F l u i d  Meter ing  pump. The Sep-Pak 
was a c t i v a t e d  by p r e w e t t i n g  t h e  c a r t r i d g e  w i t h  4 m l  o f  
methanol  fo l lowed by 5 m l  of  water. To e l u t e  t h e  a z i n -  
phos methyl  and az inphos  me thy l  oxon adsorbed on t h e  
packing ,  2 m l  o f  a c e t o n i t r i l e  was passed  th rough  t h e  
c a r t r i d g e ;  a 100 u l  a l i q u o t  was i n j e c t e d  i n t o  t h e  HPLC 
system. When ocean wa te r  was ana lyzed  by t r a c e  e n r i c h -  
ment, t h e  s a l t  water  t r apped  i n  t h e  Sep-Pak was removed 
by p a s s i n g  4 m l  o f  HPLC g r a d e  water th rough  t h e  c a r -  
t r i d g e  b e f o r e  t h e  a c e t o n i t r i l e  e l u t i o n  s t e p .  
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AZINPHOS METHYL AND AZINPHOS METHYL OXON 53 

RESULTS AND DISCUSSION 

Results from the direct injection of three types 
of spiked water samples-- salt, stream and drinking-- 
are given in Table 1. Samples varied in concentration 
from 11 ppb to 90-95 ppb azinphos methyl and azinphos 
methyl oxon. A l l  water samples were chromatographed 
without clean-up, concentration o r  derivatizing steps. 
Such a procedure is not only rapid and simple, but also 
is quite precise with coefficients of variation ranging 
from 0 . 9 8  to 6.11% for all types of water at each spik- 
ing level. Futhermore there are only two coefficients 
above 5% (Table 1). In order to obtain the most accu- 
rate results, the working standard for each compound 
should be prepared in a water matrix as near as pos- 
sible in composition to the sample being analyzed. A l s o  
the standard should be prepared each day. Although the 
lowest concentration detected in this study by direct 
injection of water was 11 ppb for both compounds, it 
should be possible to detect and quantify 5 .5  ppb of 
each (by injecting 500 u 1 )  provided that the sample 
matrix is free of co-chromatographing substances. Typ- 
ical chromatograms of stream water samples are shown 
in Figures 1 and 2. There are no interfering peaks. 
Even though the peak heights are small at the lower 
concentrations, the precision is not adversely affected 
Table 1). 

min before both compounds are eluted. A shorter analy- 
sis time probably would not be possible since azinphos 
methyl oxon elutes near interfering compounds under the 
present system. 

Analysis time is average taking approximately 8 

Thirty four commonly used pesticides were injected 
to determine if they co-chromatographed with azinphos 
methyl or the oxygen analog (Table 2 ) .  None of the 
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TABLE 2 

R e t e n t i o n  Times o f  P e s t i c i d e s  and Azinphos Methyl  Oxon 
R e l a t i v e  t o  Azinphos Methyl 

R e t e n t i o n  T i m e  R e l a t i v e  To 
Azinphos Methyl 

F e s t i c  i d e  R a t i o  

Azinphos Methyl 1 .00  

2 ,4-D 0.20 
2,495-T 0.20 
Amit ro le  0.29 
A t r a z  i n e  0.67 
Benomyl 1.39 
Cap tan*  0.99 
C a r b a r y l  0 .64  
C a r b o f u r a n  0.60 
C h l  o r prop  ham 1 .22  
C h l o r p y r i f o s  4.76 
C oumapho s 2.52 
Dicamba 0 .18  
Diuron 0 . 7 1  
E t h y l  P a r a t h i o n  2.10 
Famphur" 0.97 
F e n i t r o t h i o n  1.49 
F e n t  h i  on 2.03 
F o l p e t  1.37 
Met homyl 0.38 
Methyl P a r a t h i o n  1 .23  
Monuron 0.53 
1-Naphthol 0 .69 
PCNB 3.65 
PC P 0 .23  

P i r  imic a r b  0 .63  

Azinphos Methyl Oxon 0 .45  

P ic  loram 0.18 

P i r  imiphos-Me t h y 1  2.54 
Promecarb" 0 .98  

Prometryne 1.20 
P r o p a n i l  0 .86  
Propaz i n e  0.87 
Prop ham 0.80 
Simaz i n e  0 .55  

Prome t on 0 .75  

*compounds t h a t  cou ld  i n t e r f e r e  w i t h  az inphos  methyl  
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I 
1 

1 : : : : : : : :  

0 1 2 3 4 5 6 7 0  
T I M E [min] 

Figure 1. HPLC chromatogram of stream water spiked with 
azinphos methyl at 11.9 ppb and azinphos methyl oxon at 
11.3 ppb: direct injection. Solvent system,acetonitrile 
-water ( 5 0 : 5 0 ) ;  flow rate, 1.3 ml/mini detector sensi- 
tivity, 0.04 a.u.f.s.; wavelength, 224 nm; chart speed, 
0.4 in/min; amount injected, 250 ul. Peaks: 1= azinphos 
methyl oxon; 2= azinphos methyl. Dashed lines stand f o r  
background due to the sample blank. 

thirty four interfered with the oxygen analog, but 
three-- captan, promecarb and famphur-- could interfere 
with azinphos methyl if they were present in the 
samples at certain concentrations. If the presence of 
any of these three compounds is expected, a higher per- 
centage of water could be added to the mobile phase to 
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1 

1 ; : : : : : : :  
0 1 2 3 4 5 6 7 8  

1 I ME [mi n] 

Figure  2 .  HPLC chromatogram o f  s t ream water spiked w i t h  
azinphos methyl a t  2 3 . 8  ppb and azinphos methyl oxon a t  
22 .6  ppb: d i r e c t  i n j e c t i o n .  Condi t ions the  same as i n  
F igure  1. Peaks: 1= azinphos methyl oxon; 2= azinphos 
methyl.  Dashed l i n e s  stand f o r  background due t o  t h e  
sample blank. 

achieve s e p a r a t i o n  between t h e  d i f f e r e n t  p e s t i c i d e s .  A 

l is t  of t h e  t h i r t y  four  p e s t i c i d e s  and t h e  oxygen ana- 
l o g  of azinphos methyl a long w i t h  t h e  r a t i o  of t h e i r  
r e t e n t i o n  t imes t o  t h a t  o f  azinphos methyl a r e  given i n  
Table 2 .  

I n  order  t o  d e t e c t  and quant i fy  azinphos methyl 
and azinphos methyl oxon i n  water a t  concent ra t ions  
lower than those p o s s i b l e  by d i r e c t  i n j e c t i o n ,  t r a c e  
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enr ichment  u s i n g  a C18 Sep-Pak c a r t r i d g e  w a s  deve loped .  
The r e s u l t s  are shown i n  Tab le  3. Water  samples  were 
sp iked  w i t h  az inphos  methyl  a t  a c o n c e n t r a t i o n  r a n g e  o f  
0.29 t o  10.48 ppb and az inphos  methyl  oxon a t  a concen- 
t r a t i o n  r ange  o f  0 .27  t o  9.96  ppb,  Recove r i e s  ranged  
from 88 t o  103% w i t h  c o e f f i c i e n t s  o f  v a r i a t i o n  from 0 .77  
t o  9.06%. T y p i c a l  chromatograms of  t h e  t r a c e  e n r i c h -  
ment o f  az inphos  methyl  and az inphos  methyl  oxon a r e  
shown i n  F i g u r e s  3 and 4 .  With t h e  u s e  of  d i r e c t  ana ly -  
s is  and t r a c e  enr ichment  az inphos  me thy l  and a z i n p h o s  
methyl  oxon c a n  be q u a n t i f i e d  i n  wa te r  from a p p r o x i -  
ma te ly  0 .27  t o  95  ppb. 

a Sep-Pak c a r t r i d g e  could  be  r e u s e d .  Under o u r  cond i -  
t i o n s ,  each  c a r t r i d g e  could  be used t h r e e  t imes.  Ob- 
v i o u s l y  t h e  number of  t imes  a c a r t r i d g e  could  be used 
would have t o  b e  de te rmined  f o r  each  w a t e r  s o u r c e  ana- 
l y z  ed . 

The d e t e c t o r  r e sponse  was l i n e a r  f o r  a l l  concen- 
t r a t i o n s  employed. However, when per forming  t r a c e  en- 
r i chmen t  d e t e r m i n a t i o n s ,  t h e  s t a n d a r d  cu rve  must  be  de- 
te rmined  by u s i n g  s t a n d a r d s  t h a t  a re  d i s s o l v e d  i n  30 t o  
40 m l  of  HPLC grade  wa te r  and passed  th rough  a c 1 8  c a r -  
t r i d g e ,  fo l lowed  by e l u t i o n  w i t h  2 m l  of  a c e t o n i t r i l e .  
If t h e  s t a n d a r d s  a r e  n o t  p repa red  i n  t h i s  manner, t h e  
c o n c e n t r a t i o n s  of az inphos  methyl  and az inphos  methyl  
oxon i n  t h e  unknown samples w i l l  be i n c o r r e c t ,  s i n c e  
t h e  s t a n d a r d s  pas sed  through t h e  c a r t r i d g e  gave s l i g h t -  
l y  h i g h e r  peaks  t h a n  those  t h a t  were n o t .  T h i s  d i s c r e p -  
ancy between peak h e i g h t s  w a s  n o t  due t o  con tamina t ion  
s i n c e  t h e  b l ank  samples  were c l e a n .  

A s t u d y  w a s  conducted t o  de t e rmine  how many t imes 

CONCLUSIONS 
The l a r g e  e x t i n c t i o n  c o e f f i c i e n t s  f o r  az inphos  

methyl  and az inphos  methyl  oxon a t  224 run and t h e  r e l a -  
t i v e l y  s imple  and p u r e  m a t r i x  of  w a t e r ,  p e r m i t s  t h e  de- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



60 BUSHWAY 
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Figure  3. HPLC chromatogram of  s a l t  wa te r  s p i k e d  w i t h  
az inphos  methyl  a t  0 .29  ppb and a z i n p h o s  me thy l  oxon a t  
0.27 ppb: t r a c e  enrichment  w i t h  C18 Sep-Pak. Amount 
i n j e c t e d ,  100 11; o t h e r  c o n d i t i o n s  same as i n  F i g u r e  1. 
Peaks:  1= az inphos  methyl  oxon; 2= az inphos  methyl .  
Dashed l i n e s  s t a n d  f o r  background due t o  t h e  sample 
blank. 

t e r m i n a t i o n  of  t h e s e  two compounds i n  wa te r  a t  low ppb 
l e v e l s  by d i r e c t  i n j e c t i o n  and/or t r a c e  enr ichment .  The 
method cou ld  a l s o  be used t o  a n a l y z e  o t h e r  organophos- 
p h a t e  p e s t i c i d e s  t h a t  have h i g h  e x t i n c t i o n  c o e f f i c i e n t s .  
T h i s  procedure  i s  much f a s t e r  and s i m p l e r  than p r e -  
v i o u s l y  p u b l i s h e d  methods f o r  de t e rmin ing  az inphos  
methyl  and t h e  oxon. I t  a l s o  o f f e r s  t h e  advantage  o f  
n o t  u s i n g  e x t r a c t i n g  s o l v e n t s  l i k e  methylene  c h l o r i d e .  
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1 : : : : : : : ;  
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F i g u r e  4. HPLC chromatogram o f  s a l t  w a t e r  s p i k e d  w i t h  
az inphos  methyl  a t  2.62 ppb and az inphos  methyl  oxon a t  
2.49 ppbc t r a c e  enrichment  w i t h  c18 Sep-Pak. Amount i n -  
j e c t e d ,  100 ul; o t h e r  c o n d i t i o n s  same as i n  F i g u r e  1. 
Peaks:  1= az inphos  methyl  oxon; 2=  az inphos  me thy l .  
Dashed l i n e s  s t a n d  f o r  background due t o  t h e  sample 
b l ank .  

REFERENCES 

(1) C . A .  Anderson, J . C .  Cavagnol, C . J .  Cohen, A . D .  
Cohick,  R . T .  Evans, L . J .  E v e r e t t ,  J. Hense l ,  R.P. 
Honeycut t ,  E.R.  Levy, N . W .  L o e f f l e r ,  D.L. Nelson,  T .  
P a r r ,  T.B. Waggoner and J.W. Young, i n  Res idue  Reviews, 
Ed. by F.A. Gunther  and J . D .  Gunther ,  2, 123,  1974. 

( 2 )  R . D .  S h o r t ,  J . L .  Minor, C .  Lee, N .  Chernoff  and R . L .  
Baron, Arch. T o x i c o l . ,  3, 177, 1980. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



62 BUSHWAY 

(3) D . C .  S t a i f f ,  S.W. Comer, J . F .  Armstrong and H.R. 
Wolfe, B u l l .  E n v i r .  Contam. T o x i c o l . ,  12, 362, 1975. 
(4) T.T. Liang and E . P .  L i c h t e n s t e i n ,  J. Econ. Entom., 
Q1 315, 1972. 
(5) T.T. Liang and E . P .  L i c h e n s t e i n ,  J. Agric .  Food 
Chem., 2, 1205, 1976. 
(6) A O A C ,  O f f i c i a l  Methods of  A n a l y s i s ,  Washington D . C . ,  

( 7 )  W.S. Cox, J A O A C ,  4.6, 229, 1963. 
(8) J.M. Adams and C . A .  Anderson, J. Agr i c .  Food Chem., 
fil 53, 1966. 
( 9 )  D . C .  V i l l eneuve ,  A . G .  R u t t e r f i e l d ,  D.L. Gran t  and 
K.A. McCully, J. Chromatogr . ,  48, 567, 1970 

(10) L.M. Hunt and B.N.  G i l b e r t ,  B u l l .  Env i r .  Contam. 
Tox ico l .  , 5 ,  4 2 ,  1970. 

(11) J. Askew, J . H .  Ruzicka and B . B .  Wheals, A n a l y s t ,  
Bl 275, 1969. 
(12) D.J. S i s s i o n s  and G . M .  T e l l i n g ,  J. Chromatogr . ,  a, 
328,  1970. 

29.102-29.107, 1975. 

(13) R.W. S t o r h e r r ,  P. O t t  and P.R. Watts, JAOAC, 2, 
513, 1971- 
(14) R . A .  Hoodless ,  J . A .  S i d w e l l ,  J . C .  Sk inne r  and R . D .  
T r e b l e ,  J .  Chrornatogr., 166, 279,  1978. 

(15) G. S z a l o n t a i ,  J.  Chromatogr . ,  m, 9, 1976. 
(16) S .  Lin ,  C .  Chen, S.D. Murphy and R .  M .  C a p r i o l i ,  J .  
Agric. Food Chem., 28, 85, 1980. 

(17) J. Kvalvag, D . E .  O t t  and F.A. Gunther ,  J A O A C ,  60, 
9111 1977. 
(18) X . J .  K i k t a ,  J.  L iq .  Chromatogr . ,  2, 599, 1979. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


