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HIGH PERFORMANCE LIQUID CHROMATO- 
GRAPHIC METHOD FOR THE DETERMIN- 
ATION OF PERMETHRIN DEPOSITS IN A 

FORESTRY SPRAY TRIAL 

Kanth M. S. Sundaram, Cecila Feng, and 
Johanna Broks 

Agriculture Canada- Canadian Forestry Service 
Forest Pest Management Institute 
121 9 Queen Street East, Box 490 

Sault Ste. Mane, Ontario, Canada P6A 5M7 

ABSTRACT 

A conven ien t  and s e n s i t i v e  reversed-phase h igh  performance 
l i q u i d  chromatographic  method h a s  been developed f o r  t h e  determin-  
a t i o n  of pe rme th r in  [3-phenoxyhenzyl (*)- d8,trans -3-(2,2- 
dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate] i n s e c t i c i d e .  
Var ious  i s o c r a t i c  and g r a d t e n t  mobile  phases ,  c o n s i s t i n g  O F  
a c e t o n l t r t 1 e : w a t e r  (CH3CN:HzO) and methano1:water (CH30H:HzO) s o l -  
vent  systems a t  two flow r a t e s ,  were t e s t e d  t o  s e p a r a t e  and 
q u a n t i f y  t h e  isomers  of pe rme th r in  u s i n g  o c t a d e c y l s i l y l  (ODS) 
(Reg i s  5 um) and o c t y l s i l y l  ( 0 s )  (RP-8, 10 u m )  bonded columns. 
The o p t i m a l  mobile  phase f o r  pe rme th r in  using t h e  ODS column was 
70:30 ( v / v )  CH3CN:HzO mix tu re  a t  f low rates O C  e i t h e r  1.0 o r  1.5 
mL/min. The measurement was done w i t h  a 117 d e t e c t o r  a t  200 nm and 
5 0 ° C .  The 0s column gave a less s a t i s f a c t o r y  s e p a r a t i o n  t h a n  t h e  
O D s .  Grad ien t  e l u t i o n  systems examined d i d  no t  improve t h e  tso- 
mertc  s e p a r a t i o n  of pe rme th r in .  Using t h e  method deve loped ,  
d e p o s i t  l e v e l s  ob ta ined  on v a r i o u s  sampling u n i t s  d u r i n g  a perme- 
t h r i n  s p r a y  t r i a l  were ana lyzed  a f t e r  e l u t i o n  o r  e x t r a c t i o n  f o l -  
lowed by necessa ry  column c l eanup .  Minimum l e v e l s  of  d e t e c t i o n  
f o r  pe rme th r in  v a r i e d  from 1 t o  3 ng depending on t h e  n a t u r e  of 
t h e  sampler  used.  
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INTRODITCT ION 

SUNDARAM, FENG, AND BROKS 

Permethrin [3-phenoxybenzyl (*)- &8,tIYZm -3-(2,%-dichloro-  

vinyl)-2,2-dimethylcyclopropanecarboxylate] is  one of t h e  new syn- 

t h e t i c  p y r e t h r o i d  i n s e c t i c i d e s  developed by E l l i o t t  et  al .  (1). 

I t  i s  r e g i s t e r e d  as a c o n t r o l  p roduc t  a g a i n s t  a wide range of 

p e s t s  i n  h o r t i c u l t u r e ,  a g r i c u l t u r e ,  l i v e s t o c k ,  p u b l i c  h e a l t h ,  

s t o r e d  p roduc t s ,  etc.  ( 2 ) .  DeBoo ( 3 )  found t h a t  t h e  i n s e c t i c i d e  

i s  a l s o  e f f e c t i v e  t n  c o n t r o l l i n g  v a r i o u s  l e p i d o p t e r o u s  d e f o l i a -  

tors, e s p e c i a l l y  t h e  l a r v a e  of t h e  s p r u c e  budworm, Chorhtoneura 
f k f e r a n a  (Clem.),when a p p l i e d  twice s e v e r a l  days  a p a r t  a t  a dos- 

age of 17.5 g/ha.  

One of  t h e  Canadian r e g i s t r a t i o n  r equ i r emen t s  f o r  any chemi- 

c a l ,  p r i o r  t o  i t s  l a r g e  scale use  i n  f o r e s t r y ,  i s  t o  have a con- 

v e n i e n t  and s u i t a b l e  method t o  a n a l y z e  i t s  r e s i d u e s  i n  v a r i o u s  

f o r e s t r y  s u b s t r a t e s .  F a c t o r s  t h a t  need t o  he cons fde red  a r e  t h e  

speed,  p r e c i s i o n ,  accu racy ,  c o s t  and e a s e  of  h a n d l i n g  f o r  r o u t i n e  

a n a l y s i s  of l a r g e  numbers of samples a f t e r  f o r e s t r y  s p r a y  a p p l i c a -  

t i o n s .  

Puh l i shed  a n a l y t i c a l  p rocedures  f o r  t h e  d e t e r m i n a t t o n  of 

permethrin r e s i d u e s  a r e  mainly f o r  a g r i c u l t u r a l  commodities u s ing  

gas - l iqu id  chromatographic  (GLC) methods. Miyamoto ( 4 )  reviewed 

t h e  GLC methods pub l i shed  p r i o r  t o  1980 f o r  pe rme th r in  a n a l y s i s ;  

s i n c e  then,  a d d i t i o n a l  r e s i d u e  methods,  most of them m o d i f i c a t t o n s  

of e a r l i e r  ones,  have been r e p o r t e d  (5-15). R e l i a b l e  GLC a n a l y s i s  

of pe rme th r in  r e q u i r e s  s u i t a b l e  s o l v e n t  p a r t i t i o n s  fol lowed by 

e x t e n s i v e  column c l eanup  p rocedures  and in s t rumen t  c o n d i t i o n i n g .  

Oeh le r  (16), Lam and Grushka (17) and K i k t a ,  .Jr. and S h i e r l i n g  

(18) have r e p o r t e d  h igh  performance l i q u i d  chromatographic  (HPLC) 

methods a s  a l t e r n a t i v e s  t o  GLC f o r  a n a l y z i n g  permethrin.  How- 

e v e r ,  t h e s e  HPLC methods involved e i t h e r  t e c h n i c a l  m a t e r i a l s  o r  

commercial f o r m u l a t i o n s  sprayed on a g r i c u l t u r a l  c r o p s .  So f a r ,  no 

s u i t a b l e  procedure has  been r e p o r t e d  f o r  t h e  a n a l y s i s  of  perme- 

t h r i n  r e s f d u e s  i n  f o r e s t r y  samples  a f t e r  s p r a y  a p p l i c a t i o n  of a 

formulated end-use product  of commercial material. I n  t h i s  pape r  
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PERMETHRIN IN FORESTRY SPRAY TRIAL 2609 

w e  d e s c r i b e  a s i m p l e  and r e l i a b l e  HPLC t e c h n i q u e  t h a t  can  be used 

t o  i d e n t i f y  and q u a n t i f y  a i r b o r n e  p e r m e t h r l n  e n t r a p p e d  in 

i m p i n g e r s  as w e l l  as p e r m e t h r i n  d e p o s i t e d  on water s u r f a c e s ,  g l a s s  

p l a t e s  and metal rods  used as  sampl ing  u n i t s  d u r i n g  a f o r e s t r y  

s p r a y  t r i a l .  

MATERIALS 

P e r m e t h r i n  is a m i x t u r e  o f  two g e o m e t r t c a l  isomers, cis and 

tmns ( F i g .  1). The compos i t ion  of t h e  two i somers  varies w i t h  

t h e  m a n u f a c t u r i n g  p r o c e s s  (19) .  A n a l y t i c a l  g r a d e s  of t h e  i n d i v i d -  

u a l  i somers  and t h e  (*) cis, trans m i x t u r e  used in t h e  p r e s e n t  

s t u d y  were s u p p l i e d  by Chipman I n c . ,  S toney  Creek,  Ont., Canada. 

0C6H5 

CI 

CI 

- cis-isomer 

OCGH5 

- trans- isomer 

F i g u r e  1. cis- and  trans- P e r m e t h r i n  
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2610 SUNDARAM, FENG, AND BROKS 

The d8:trans i s o m e r i c  compos i t ion  i n  t h e  sample r e c e i v e d  was d e t -  

ermined by GLC and HPLC methods and was found t o  be i n  t h e  we igh t  

r a t i o  of  40 f 2% and 60 f 2% r e s p e c t i v e l y .  

A c e t o n i t r i l e ,  methanol  and water s o l v e n t s  used i n  t h e  s t u d y  

were HPLC g r a d e  o b t a i n e d  from F i s h e r  Chemical Co. and were t l l ter-  

ed through a p p r o p r i a t e  M i l l i p o r e @  f i l t e r s  and degassed  p r i o r  t o  

u s e .  The pe rme th r fn  samples  used as  s t a n d a r d s  were r e a d i l y  s o l -  

u b l e  i n  methanol  and a c e t o n i t r i l e .  The s t o c k  s o l u t i o n s  were 

s t o r e d  a t  0°C i n  d a r k n e s s .  The s t a n d a r d  s o l u t i o n s  were s t a b l e  

d u r i n g  t h e  e n t i r e  p e r i o d  fca. R weeks) of s t u d y .  A l l  s o l u t i o n s  

p r e p a r e d  were P i l t e r e d  p r i o r  t o  i n j e c t t o n  on t h e  HPLC sys t em.  

KETHODS 

The se t  up of t h e  HPLC i n s t r u m e n t  used i n  t h i s  s t u d y  was s i m -  

i l a r  t o  one d e s c r i b e d  ea r l i e r  (20)  e x c e p t  f o r  t h e  f o l l o w i n g  v a r i a -  

t i o n s  i n  o p e r a t i n g  pa rame te r s :  

,Columns: a) Hewlet t -Packard RP-8 ( o c t y l s i l y l  bonded) ( 0 s )  10 
urn, 2U cm x 4.6 mm I D  

b )  Reg i s  S p h e r i s o r b  Hi-Chrom Rev. ODs-2 n c t a d e c y l  I1 
[ o c t a d e c y l s i l y l  (ODS)  bonded] 5 pmy 15 cm x 4 . 6  mm 
I D  

Column P r e s s u r e :  16 - 110 b a r s  (1 b a r  = 14.5 p s i g )  

Mobile Systems ( v / v ) :  a )  CH3CN:HzO 
b) CH30H:HzO 

Flow Rate: a)  1.0 mL/min 
b)  1.5 mL/min 

Oven Tempera tu re :  5OoC 

V a r i a b l e  Wavelength: Sample(S):Reference(R) 
a)  200:430 nm 
b )  220:430 nm 

I n j e c t i o n  System: Rheodyne ( B e r k e l e y ,  C a l i f .  U.S.A.) Nodel 

7120 s y r i n g e  l o a d i n g  i n j e c t o r  w i th  20 p L  

l o o p  s i z e  

Sample S i z e :  20 l.~ L of  1 ,  10 and 100 u g/mL s t a n d a r d  s t o c k  s o h -  
t i o n s  

Chart  Speed: 0 .2  cm/min 

A t t e n u a t i o n :  24 and 2’ 

Slope  S e n s i t i v i t y :  0.2 

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



PERMETHRIN IN FORESTRY SPRAY TRIAL 261 1 

P r o c e s s i n g  of  P e r m e t h r i n  f rom Sample r s  

The t o l u e n e  samples  from t h e  i m p i n g e r s ,  which were used t o  

t r a p  t h e  a i r b o r n e  d r o p l e t s  of  p e r m e t h r i n ,  were passed  t h r o u g h  4 cm 

Na2S04 columns (1 .5  cm I D ) ,  f l a s h  e v a p o r a t e d  t o  a small volume, 

and c l e a n e d  up by a d s o r p t i o n  chromatography u s i n g  microcolumns 

( 8 , 2 1 ) .  The r e s i d u e s  were t a k e n  up i n  methanol .  

The water samples  were e x t r a c t e d  twice wi th  hexane ,  d r i e d  by 

p a s s i n g  th rough  Na2S04 columns,  c o n c e n t r a t e d  unde r  low p r e s s u r e  

and c l e a n e d  up as  d e s c r i b e d  above.  The d e p o s i t s  on t h e  g l a s s  

p l a t e s  and metal rods  were removed by r i n s i n g  r e p e a t e d l y  wi th  hex- 

a n e  and p rocessed  a c c o r d i n g  t o  t h e  p r o c e d u r e  used above .  

The methanol  s o l u t i o n  of  each  sample was f i r s t  t a k e n  i n t o  a 

10 mL s y r i n g e  b a r r e l  and plunger-pumped t h r o u g h  a SEP-PAKB car- 

t r i d g e  ( c18  c a r t r i d g e  from Waters A s s o c i a t e s ,  I n c . ,  M i l f o r d ,  MA) 

fo l lowed  by s o l v e n t  e l u t i o n  and M i l l i p o r @  f i l t r a t i o n  and f i n a l l y  

c o n c e n t r a t e d  t o  a s u i t a b l e  volume t n  an  a tmosphe re  of d r y  n i t r o g e n  

f o r  HPLC a n a l y s i s .  

The two s o l v e n t  sys t ems  CH3CN:H20 and CH30H:HzO and t h e  two 

r e v e r s e d  phase columns Aa., t h e  R e g i s  o c t a d e c y l s i l y l  (ODS) 5 u m  

(C18 bonded) and t h e  Hewlet t -Packard (HP) RP-8 ( o c t y l s i l y l )  10 p m 

(Cg bonded) were compared u s i n g  v a r i o u s  i s o c r a t i c  ( T a h l e s  2-4) and 

g r a d i e n t  mobile  sys t ems  (Tab le  5) f o r  t h e  s e p a r a t i o n ,  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  o f  p e r m e t h r i n  i s o m e r s .  Samples r e c o v e r e d  

from t h e  impinge r s  and €rom t h e  c o l l e c t i o n  u n i t s  ( g l a s s  p l a t e s ,  

metal r o d s  and water) used i n  t h e  f i e l d  t r i a l  were a l s o  t e s t e d  on 

b o t h  t h e  Reg i s  and HP columns. 

The s o l u t i o n s  of mixed p e r m e t h r i n  s t a n d a r d s  and t h e  e x t r a c t s  

from s p r a y  t r i a l s  were i n j e c t e d  s e v e r a l  times t o  o b t a i n  c o n s i s -  

t e n t l y  r e p r o d u c i b l e  r e s u l t s .  The chromatograms o b t a i n e d  were wel l  

d e f i n e d ,  hav ing  s h a r p  peaks.  P e r m e t h r i n  c o n c e n t r a t i o n s  i n  f i e l d  

samples  were computed from t h e  peak area by comparison wi th  t h o s e  

o b t a i n e d  from t h e  s t a n d a r d  s o l u t i o n s .  D e v i a t i o n  i n  r e t e n t i o n  t i m e  

(R.T.) f o r  each  i n j e c t i o n  was <1%. The minimum d e t e c t i o n  l i m i t  

(MDL) and t h e  d e t e c t o r  l i n e a r  r ange  (LR) found w i t h  bo th  t h e  

columns,  u s i n g  i n d i v i d u a l  cis and tram p e r m e t h r i n  s t a n d a r d s  are 

g i v e n  i n  Tab le  1. 
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TABJ.E 1 

SUNDARAM, FENG, AND BROKS 

Minimum Detec t ion  L i m i t  (MDL) and Linear  Ranges (LR) f o r  t h e  Two 
Permethrin Isomers i n  t h e  Two Columns Used* 

Column HP, RP-8, 10 urn Regis ,  ODs-2, 5 p m  

MDL cis 2 ng (0.1 ug/mL) 1 ng (0.95 ug/mL) 
t m s  2 ng (9.1 pg/mL) 1 ng (0.95 ug /mL)  

L 4  cis 0.51 t o  10.12 ug/mL 0.10 t o  10.12 ug/mL 
trans 0.54 t o  19.88 vg/mL 0.11 t o  10.88 ug/mL 

* Mobile phase CH3CN:H20, 70:30, A =  200 nm. 

RESULTS AND DISCUSSION 

The r e t e n t i o n  t imes of permethrin isomers  with the  d i f f e r e n t  

i s o c r a t i c  s o l v e n t  systems a r e  g iven  i n  Tables  2-4. Table 2 con- 

t a i n s  t h e  R.T.'s obta tned  us ing  t h e  C 1 8  bonded (Regis ODs-2, 5 urn) 

column with d i f C e r e n t  propor t ions  of CH3CN:HzO i n  t h e  mobile phase 

a t  two flow r a t e s ,  v i a .  1.0 and 1.5 mL/min. Increased  flow r a t e  

and h igher  organic  phase conten t  y ie lded  lower R . T . ' s  f o r  t h e  iso- 

mers. I n c r e a s e  of a p p l i e d  p r e s s u r e ,  lower v i s c o s i t y  of t h e  

organic  phase compared t o  water (0.37 cP v8 1.09 cP a t  20°C) and 

h i g h e r  solute-mobile  phase a t t r a c t i o n  could have c o n t r t b u t e d  t o  

t h e  decrease  i n  R.T. The tram isomer e l u t e d  before  the  cis a s  

shown by t h e  chromatograms (Fig. 2)  obta ined  f o r  t h e  mobile phase, 

CH3CN:H20 (70:30) a t  t h e  two flow rates. The peaks a r e  sharp  and 

w e l l  separa ted  i n d i c a t i n g  t h a t  f o r  a nonpolar  s o l u t e  such a s  

permethrin,  t h e  use of a c18 bonded column is s u i t a b l e  f o r  ident -  

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 o m e r s .  A complete isomer 

s e p a r a t i o n  and subsequent a n a l y s i s  took 20 min. The o t h e r  mobile 

phase composi t ions used were amenable f o r  t h e  intended purpose, 

but because of t h e  small d i f f e r e n c e s  i n  R.T. ' s  observed between 

t h e  isomers a t  h i g h e r  l e v e l s  of CH3CN (Table  2), t h e  r e s o l u t i o n s  

were poor, and so mobile phases c o n t a i n i n g  more than  70% of CH3CN 

were not favoured. The c r i t i ca l  f a c t o r s  in t h e  r e s o l u t i o n  of 
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PERMETHRIN IN FORESTRY SPRAY TRIAL 2613 

isomers a p p e a r  t o  be t h e  CH3CN:H20 r a t i o  and t h e  f l o w  r a t e .  I f  

too  much p o l a r  o r g a n i c  phase was p r e s e n t ,  poor  r e s o l u t i o n  of  t h e  

i s o m e r s  r e s u l t e d  and i f  t h e  f low rate  w a s  low, l o n g e r  a n a l y s i s  

time was r e q u i r e d  because  of i n c r e a s e d  R.T. 

Reverse phase s t u d i e s  f o r  p e r m e t h r i n  i somers  u s i n g  a Cg 

bonded column (RP-8, 10 l~o l )  w i t h  d i f f e r e n t  r a t i o s  of  CH3CN:HzO and 

CH30H:H20 are r e p o r t e d  i n  T a b l e s  3 and 4 r e s p e c t i v e l y .  S i m i l a r  

t r e n d s  i n  R.T. changes  wi th  v a r i a t i o n s  i n  o r g a n i c  phase c o n t e n t  

and f low rates were a l s o  obse rved  i n  t h e s e  s t u d i e s .  IJsing t h e  

CH3CN:HzO (70:30) mobile  phase  a t  a f low rate  of 1 mL/min, t h e  

R . T . ' s  of t h e  i somers  o b t a i n e d  i n  t h e  C 8  bonded column were 

s h o r t e r  (cis 8.21 min; trans 7.67 min) (Tab le  3 )  compared t o  t h o s e  

o b t a i n e d  wi th  t h e  c18 bonded column (cis 15.54 min; trans 1 3 . 4 3  

min) (Tab le  2 ) .  T h i s  is due t o  t h e  l a r g e  p a r t i c l e  s i z e  (10 p m )  of 

t h e  0s column compared t o  t h e  ODS column ( 5  m). The a n a l y s i s  

times were c o r r e s p o n d i n g l y  reduced.  D e s p i t e  t h i s  a p p a r e n t  advan t -  

age ,  t h e  peaks were n o t  r e s o l v e d  p r o p e r l y  and i n  a d d i t i o n ,  upward 

b a s e l i n e  d r i f t  and n o i s e  were a p p a r e n t  ( F i g .  3).  Such a s h i f t  in 

b a s e l i n e  and n o i s e  would a d v e r s e l y  a f f e c t  t h e  d e t e c t i o n  l i m i t s  o f  

t h e  chemical  d u r i n g  r o u t i n e  a n a l y s i s ,  e s p e c i a l l y  when t h e  r e s i d u e  

l e v e l s  are low. 

The u s e  of t h e  C H 3 0 H : H 2 0  m h i l e  phase in r eve r se -phase  

ch romatograph ic  s e p a r a t i o n  of  p e r m e t h r i n  i somers  ( T a b l e  4 )  was n o t  

e n c o u r a g i n g  hecause of t h e  poor  q u a l i t y  of  s e p a r a t i o n .  It shou ld  

be remembered t h a t  a d i r e c t  comparison of  t h e  i n s t r u m e n t  r e s p o n s e  

t o  b o t h  t h e  s o l v e n t  sys t ems  was no t  p o s s i b l e  because  t h e  two sol-  

v e n t s  had d i f f e r e n t  1JV c u t o f f  v a l u e s  (CH3CN:H20 200 nm; CH3OH:H20 

220 nm). The u s e  of  CH30H g e n e r a l l y  r e s u l t e d  in peak b roaden ing  

and upward b a s e l i n e  d r i f t ,  which e v e n t u a l l y  caused  poor  r e s o l u t i o n  

of t h e  i somers  (F ig .  4 ) .  In a d d i t i o n ,  t h e  a n a l y s i s  t i m e  was 

ex tended  u n n e c e s s a r i l y  when t h e  compos i t ion  of t h e  aqueous  phase 

was i n c r e a s e d .  

The s e p a r a t i o n  and q u a n t i f i c a t i o n  of t h e  i somers  of  perme- 

t h r i n  were c a r r i e d  o u t  by u s i n g  t h e  g r a d i e n t  mob i l e  phase  s y s t e m s  

l i s t e d  in Tab le  5 .  It is a p p a r e n t  t h a t  t h e  p e r c e n t  of  o r g a n i c  
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TABLE 2 

SUNDARAM, FENG, AND BROKS 

Retent ion  Times (R.T.) (min) of Permethrin Isomers a t  50OC and 200 
nm Obtained I s o c r a t i c a l l y  by Using D i f f e r e n t  Rat ios  of CH3CN and 
H20 a t  Two Flow Rates  with Regis ODS-2, 5 p m  Column 

Flow Rate: 1.0 mC/min Flow Rate: 1.5 mL/min 
CH3CN:HzO R a t i o  CH3CN:H20 R a t i o  

80:20 75:25 70:30 80:20 75:25 70:30 

cis 6.71 10.04 15.54 4.61 6.89 10.77 

trans 5.97 8.78 13.43 4.11 6.03 9.31 

TABLE 3 

Retent ion  Times (R.T.) (min) of Permethrin Isomers a t  50°C and 200 
nm Obtained I s o c r a t i c a l l y  by Using D i f f e r e n t  Rat ios  of CH3CN and 
H20 a t  Two Flow Rates Vtth RP-8 10 pm Column 

Flow Rate: 1.0 mL/min Flow Rate: 1.5 mL/dn 
CH2CN:H2O Rat io  CH3CN:HzO Rat io  

80:20 75~25 70:30 60:40 70:30 65:35 60:40 

cis 5.40 7.27 8.21 18.03 6.80 7.65 11.99 

t m  5.12 6.27 7.67 16.49 6.27 7.08 10.95 

TABLE 4 

Retent ion Times (R.T.) (min) of Permethrin Isomers a t  5OoC and 220 
nm Ohtained I s o c r a t i c a l l y  by Using D i f f e r e n t  Rat ios  of CH30H and 
H20 a t  Two Flow Rates  With RP-8, 10 pm column 

Flow Rate: 1.0 mL/min Flow Rate: 1.5 mL/min 
CH30H:H20 Rat io  CH30H:H20 Rat io  

80:20 75:25 70:30 70: 30 

cis 7.32 11.58 20.04 13.85 

tmns 6.74 10.39 17.61 12.7.1 
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I I I L 
0 5 10 15 

retention time (min) 

Figure 2 .  Separation of cis- and trans- Permethrin by HPLC. 
Column: Regis ODS-2, 5 vm 
Solvent System: CH3CN:HzO = 70:30 
a) Flow Rate: 1.0 mL/min 
b) Flow Rate: 1 . 5  mL/min 
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Figure 3. Separation of cis- and tram- Permethrin by HPLC. 

Solvent System: CHsCN:H20 = 70:30 
a) Flow Rate: 1.0 mL/min, Chart Speed: 0.5 cm/min 
b) Flow Rate: 1.5 mL/min, Chart Speed: 0.2 cm/min 

Column: RP-8, 10 ~lm 
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a 

SUNDARAM, FENG, AND BROKS 

b 

0 20 0-0 

retention time (min) 

Figure 4 .  Separation of cis- and trans- Permethrin by HPLC. 
Column: RP-8, 10 um 
Solvent System: CH3OH:HzO = 70:30 
a) Flow Rate: 1.0 mL/min 
b )  Flow Rate: 1.5 ml/min 

phase constituents in the mobile phase systems did vary compared 

to the isocratic systems listed in Tables 2 to 4. Consequently, 

some slight improvements were observed in the analysis time and in 
resolution, especially when using Regis 5 um column. The column 
was usually found to give a good isomeric separation and consis- 

tency in sample-to-sample reproducibility in the gradient system. 
In spite of these advantages, column sensitivity was considerably 
less than the isocratic system (Fig. 5 ) .  Among the eluent combin- 

ations studied, system b (Table 5) was found to be useful; the 
others gave either a very close R.T. (system a) or a longer run 
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time ( sys t em c).  T h e r e f o r e ,  f o r  r e l i a b l e  a n a l y s i s  a t  r e s i d u e  

l e v e l s ,  b e s t  r e s u l t s  are a c h i e v e d  by u s i n g  a C l e  bonded column 

i s o c r a t i c a l l y  . 
The s e p a r a t i o n  of  t h e  isomers i n  t h e  a n a l y t e  by RP-8 column 

u s i n g  t h e  g r a d i e n t  system ( e i t h e r  CH3CN:H20 or  CH30H:H20 sys t em)  

was n o t  s a t i s f a c t o r y .  The e l u e n t  combina t ions  y i e l d e d  e i t h e r  a 

poor d l € f e r e n t i a t i o n  of t h e  i somers  o r  a l o n g e r  run time w i t h  

r educed  s e n s i t i v i t y  and o c c a s i o n a l  peak b roaden ing  ( F i g .  5d,  Se,  

5 f ) .  E f f o r t s  t o  deve lop  and e s t a b l i s h  a g r a d i e n t  s o l v e n t  sys t em 

f o r  b e t t e r  i s o m e r i c  s e p a r a t i o n  and q u a n t i f i c a t i o n  of p e r m e t h r i n  

were no t  s u c c e s s f u l .  The i s o c r a t i c  sys t em r e p o r t e d  ear l ier  was 

a d e q u a t e  t o  meet t h e s e  r e q u i r e m e n t s .  

A n a l y s l s  of p e r m e t h r i n  r e s i d u e s  d e p o s i t e d  on t h e  g round  

s a m p l e r s  used d u r i n g  t h e  s p r a y  t r ia l  was a t t e m p t e d  w i t h  the 

CH3CN:HzO (70:30) i s o c r a t i c  sys t em.  Both t h e  c18 ( R e g i s  5 p m )  and  

Cg (RP-8, 10 v m )  bonded columns were t r i e d .  The r e s u l t s  are  g i v e n  

i n  T a b l e  6 .  A n a l y s i s  was p o s s i b l e  w i t h o u t  t h e  microcolumn c l e a n u p  

f o r  some samples ,  e s p e c i a l l y  f o r  t h e  e l u a t e s  from metal r o d s ,  b u t  

t h e  o v e r a l l  s e n s i t i v i t y  was low and v a r i e d  due t o  i n t e r f e r e n c e s  

from c o e x t r a c t e d  i m p u r i t l e s .  Between t h e  columns,  as n o t i c e d  

e a r l i e r ,  t h e  c18 bonded column gave c o n s i s t e n t l y  r e p r o d u c i b l e  

r e s i d u e  d a t a  f o r  r e p l i c a t e  i n j e c t i o n s  of  each  sample.  With t h i s  

sys t em,  t h e  i m p u r i t i e s  e l u t e d  e a r l i e r ,  t h e  peaks were s h a r p  and 

well d e f i n e d  and d r i f t  from t h e  b a s e  l i n e  was minimal ( F i g ,  6 ) .  

The minimum d e t e c t i o n  l i m i t  (cis + trans), r anged  from 3 ng  (a i r )  

t o  1 ng (metal r o d s )  depend ing  on t h e  t y p e  of sample a n a l y s e d .  

For  t h e  same sample,  a t  t h e  same i n j e c t l o n  volume, t h e  RP-8 column 

u s u a l l y  gave poor  r e s o l u t i o n  f o r  t h e  i somers  y i e l d i n g  b r o a d e r  and 

s h o r t e r  peaks wi th  c o n s i d e r a b l e  b a s e  l i n e  d r i f t  ( F i g .  6 ) .  Conse- 

q u e n t l y  t h e  r e s u l t s  were i n c o n s i s t e n t  w i t h  a p p r e c i a b l e  d e v i a t i o n s  

and i n  g e n e r a l ,  were h i g h e r  f o r  t h e  &=isomer  than  w i t h  t h e  C l 8  

column (Tab le  6 ) .  The a n a l y s i s  time was a l s o  a b o u t  2.5 times 

l o n g e r  fca. 20 min vs 8 min),  because  t h e  i m p u r i t i e s  e l u t e d  a f t e r  

t h e  cis, trans i somers .  
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Figure 6 .  Pemethrin from Air Sample a f t er  a Spray Trial 
Colunm: a) Regis, 5 Dm 

Flow Rate: 1 .5  mL/min 
Solvent System: CHJCN:HZO = 70:30 
Quantities of cis- and trans- Permethrin are given 
in  Table 6 .  

b) RP-8, 10 
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TABLE 6 

Comparison of Deposi t  Leve l s  of Pe rme th r in  Obtained from Spray 
T r i a l  Using Regis  5 wn and RP-8, 10 p m  Columns wi th  I s o c r a t i c  
S o l v e n t  System CH3CN:H20 (70:30) a t  = 200 nm and Temp. 50°C 

Perme th r in  C o l l e c t e d  (ng)* 
Samplers 
Used f o r  Regis  5 um Column RP-8, 10 U m  Column 

Pe rme th r in  
Deposi t  Cis t m  T o t a l  

Impinge r s 1.99 2.90 4.89 
Water 5.59 U.27 13.86 
Metal Rod 3.30 5.31 8.61 
G l a s s  Plate  6.95 10.85 17.80 

2.40 2.08 4.48 
9.36 6.97 16.33 
4.38 5.08 9.46 
6.63 11.60 18.23 

*Average from f o u r  sampling u n i t s .  

Methods development r e s e a r c h  i s  c u r r e n t l y  i n  p r o g r e s s  i n  o u r  

l a b o r a t o r t e s  u s ing  HPLC and GLC-EC t e c h n i q u e s  t o  q u a n t i f y  perme- 

t h r i n  from v a r i o u s  f o r e s t r y  s u b s t r a t e s .  Our p r e s e n t  e x p e r i e n c e  is 

t h a t  wh i l e  a n a l y z i n g  env i ronmen ta l  samples  f o r  pe rme th r in  a t  resi- 

due l e v e l s ,  HPLC r e q u i r e s  less e f f o r t ,  is o p e r a t i o n a l l y  e a s i e r ,  

and p rov ldes  more r e l i a b l e  i n € o r m a t i o n  t h a n  GLC-EC a n a l y s i s .  
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