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ANALYSIS OF THE CARBAMATE INSECTICIDES ALDICARB AND CARBARYL 
IN FORMULATIONS UTILIZING A HIGH-PERFORMANCE LIQUID 

CHROMATOGRAPHIC SYSTEM WITH AN ON-LINE INFRARED DETECTOR 

E. Papadopoulou-Mourkidou, Y. Iwata, and F. A .  Gunther 
Department of Entomology 
University of California 
Riverside, California 92521 

ABSTRACT 

An aldicarb (2-methyl-2-(methylthio)propanal, 0-[(methylamino)- 
carbonyl]oxime) granular formulation with and without added carbofuran 
(2,3-dihydro-2,2-dimethyl-7-benzofuranyl methylcarbamate) as an inter- 
nal standard and a carbaryl (1-naphthalenyl methylcarbamate) wettable 
powder and liquid suspension formulations both with and without added 
methiocarb (3,5-dimethyl-4-(methylthio)phenyl methylcarbamate) as an 
internal standard were analyzed by utilizing a high-performance liquid 
chromatographic system operating in the normal phase with a Partisil 
column and mixtures of acetonitri1e:dichloromethane:heptane as the 
mobile phase. An on-line infrared detector equipped with a flowcell 
was used. Analyses were conducted at ambient temperature. The 
commonly used calibration and quantitation techniques were also corn- 
pared. 

INTRODUCTION 

The N-methylcarbarnate compounds comprise a major class of in- 
secricides. Although carbamates have been used for a long time in 
pest control operations, analytical methodology for their quantita- 
tion is still in the state-of-the-art relative to other classes of 
established pesticides. Gas chromatography (GC) generally has 
failed t o  qualify as a direct analytical tool due to the unfavor- 
able chemical and physical properties of the carbamate insecticides 
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1664 PAPADOPOULOU-MOURKIDOU, IWATA, AND GUNTHER 

and f r e q u e n t l y  t o  t h e  lack  i n  t h e i r  chemical s t r u c t u r e  of  e lements  

amenable € o r  t h e i r  d e t e c t i o n  by t h e  g e n e r a l l y  used GC d e t e c t o r s .  

The a v a i l a b l e  a n a l y t i c a l  methodologies, a s  w e l l  as t h e  problems 

a s s o c i a t e d  wi th  them, have been reviewed by Dorough & Thorstenson 

(l), Magallona (Z), and r e c e n t l y  by Se iber  ( 3 ) .  

The rap id  development of high-performance l i q u i d  chromatography 

(HPLC) i n t o  a powerful a n a l y t i c a l  t o o l  f o r  trace a n a l y s i s  h a s  l e d  t o  

a r a p i d l y  i n c r e a s i n g  number of a p p l i c a t i o n s  t o  p e s t i c i d e  a n a l y s i s  i n  

t h e  last f i v e  y e a r s .  

t h e  compounds t r o u b l e s o m t o  ana lyze  under GC condi t ions .  The major 

drawbacks i n  HFLC a n a l y s i s  of p e s t i c i d e s  today arise from a need f o r  

a d e t e c t i o n  system which is  e a s i l y  opera ted  on t h e  r o u t i n e  b a s i s ,  

t r o u b l e  f r e e  and s e l e c t i v e .  The most commonly used d e t e c t o r  i n  

HF'LC a n a l y t i c a l  systems i s  t h e  u l t r a v i o l e t  (W) d e t e c t o r .  Moye 

( 4 ) ,  a f t e r  reviewing t h e  a p p l i c a t i o n s  of HPLC i n  p e s t i c i d e  r e s i d u e  

a n a l y s i s ,  r e p o r t e d  t h a t  i n  more than  85% of t h e  cases, UV w a s  used 

as t h e  d e t e c t i o n  system; t h e r e f o r e  except  f o r  s p e c i a l  cases of rela- 

t i v e l y  c l e a n  e x t r a c t s ,  v e r y  e x t e n s i v e  sample cleanup is  requi red .  

Post-column h y d r o l y s i s  and f l u o r o g e n i c  l a b e l i n g  h a s  been a p p l i e d  by 

Krause (5) f o r  t h e  r e s i d u e  a n a l y s i s  of N-methylcarbamates. 

HPLC has  become a promising a l t e r n a t i v e  f o r  

I n f r a r e d  (IR) spectroscopy has  had a long  h i s t o r y  of use  i n  

p e s t i c i d e  a n a l y s i s  b e f o r e  t h e  advent and wide use  of GC,  and la te r  

as a GC d e t e c t o r  f o r  on-the-fly GC e f f l u e n t s .  

s e n s i t i v i t y  of t h e  convent ional  I R  spectrophotometers  and t h e  con- 

s t a n t l y  i n c r e a s i n g  emphasis on t h e  development of more s e n s i t i v e  

d e t e c t i o n  systems i n  p e s t i c i d e  r e s i d u e  a n a l y s i s  has  diminished t h e  

use  of  I R ,  F o u r i e r  t ransform I R  (FT-IR) i n t e r f e r o m e t e r s  as GC de- 

t e c t o r s  have overcome t h e  s e n s i t i v i t y  d e f i c i e n c i e s  and have per- 

m i t t e d  t h e  u s e  of va luable  I R  s p e c t r a l  in format ion  f o r  t h e  p o s i t i v e  

i d e n t i f i c a t i o n  of  t h e  sought  a n a l y t e s .  However, t h e  h i g h  c o s t  of 

FT-IR ins t rumenta t ion  restricts i t s  u s e  f o r  r o u t i n e  p e s t i c i d e  

a n a l y s i s .  

e l u a t e  v i a  a f l o w c e l l  € o r  t h e  a n a l y s i s  of p e s t i c i d e s  was f i r s t  

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

The i n h e r e n t  low 

The u t i l i z a t i o n  of an  I R  photometer on- l ine  t o  t h e  HPLC 
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(6,7). 

of s e l e c t i v i t y ,  r ep roduc ib i l i t y  and r e l i a b i l i t y  f o r  t he  ana lys i s  of 

emuls i f iab le  and aerosol  concent ra tes  by d i r e c t  i n j e c t i o n  on t h e  

HPLC a f t e r  appropr ia te  sample d i l u t i o n s .  The main problem w a s  t he  

r e l a t i v e l y  low s e n s i t i v i t y  which can be e i t h e r  a curse  o r  a b less -  

ing  depending on one's ob jec t ive  and a n a l y t i c a l  problem. I f  i t  i s  

des i red  t o  apply t h e  system t o  res idue  ana lys i s ,  t h e  s e n s i t i v i t y  

problem can be resolved by increas ing  t h e  i n j e c t i o n  volume and/or 

t h e  amount of t h e  ex t r ac t ed  sample. Preliminary research  i n  appl i -  

ca t ions  t o  res idue  ana lys i s  has shown t h a t  very concentrated solu- 

t i o n s  of a v a r i e t y  of p l an t  e x t r a c t s  do not i n t e r f e r e  wi th  t h e  

ana lys i s .  A minimal cleanup is requi red  only f o r  t h e  p ro tec t ion  

of t he  HPLC column. 

The system w a s  demonstrated t o  be very e f f i c i e n t  i n  terms 

The app l i ca t ion  of t h e  HPLC-IR system f o r  t he  a n a l y s i s  of 

carbamates i s  demonstrated below wi th  t h e  ana lys i s  of two commonly 

used carbamate i n s e c t i c i d e s ,  a ld i ca rb  and carbary l .  The commonly 

used c a l i b r a t i o n  and quan t i t a t ion  techniques are a l s o  compared. 

EXPERIMENTAL 

Reagents and Solvents 

Analy t ica l  grade (99.9%) a ld i ca rb  and ca rba ry l  were obtained 

from Union Carbide Corporation. Analy t ica l  grade (99%) carbofuran 

w a s  purchased from Chem Service and methiocarb (97.9%) was obtained 

from Mobay Chemical Corp. An a ld i ca rb  granular  formulation and two 

ca rba ry l  formulations,  a wet tab le  powder (80% w t / w t )  and a l i q u i d  

suspension ( 4  l b /ga l )  w e r e  donated by D r .  G. Carman (Department of 

Entomology, Univers i ty  of Ca l i fo rn ia ,  Rivers ide) .  A l l  so lven t s  

were "d is t i l l ed- in-g lass"  from Burdick & Jackson Labora tor ies ,  Inc .  

Solvents were f i l t e r e d  through 25-grade g l a s s  f i l t e r  (Schleicher & 

Schuell)  and degassed by shaking under reduced p res su re  j u s t  p r i o r  

t o  use. A mixture of acetonitri1e:dichloromethane:heptane was used 

as t h e  mobile phase i n  the  r a t i o  of 15:30:55 (v/v/v) f o r  ca rba ry l  

ana lys i s  and 20 :40 :40  (v/v/v) f o r  a ld i ca rb  ana lys i s .  The appro- 
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p r i a t e  mobile phase composition was con t ro l l ed  by a so lven t  pro- 

grammer operated under i s o c r a t i c  condi t ions  and constant flow rate 

of 1.5 mL/min. 

Instrumentation 

The HPLC system cons is ted  of two Waters Associates Model 6000A 

pumps cont ro l led  by a Waters Associates Model 660 so lven t  programmer. 

A Rheodyne (Cota t i ,  CA) 7125 va lve  i n j e c t o r  equipped with a 20-l.lL 

loop w a s  used. A Foxboro Wilks Miran-1A (El Monte, CA) v a r i a b l e  

wavelength I R  f i l t e r - t y p e  photometer w a s  used as the  de t ec t ion  

system; a 1.5-nun l i g h t  path and 4.5-pL capac i ty  BaF2 f lowce l l  was 
used. 

used t o  p ro tec t  t he  25 cm x 4.6 mm i .d .  Whatman 10-pm P a r t i s i l  

a n a l y t i c a l  column. Column f i t t i n g s  were of low dead-volume unions 

and 0.25 mm i . d .  tubing was used t o  made the  necessary connections.  

A 5 cm x 4.6 mm i . d .  Whatman HC P e l l o s i l  guard column was 

Sample Prepara t ion  

Formulations w e r e  ex t r ac t ed  according t o  the  o f f i c i a l  AOAC 

methods (8) wi th  minor modifications.  A 1.2 g sample of a ld i ca rb  

granular formulation was ex t r ac t ed  by mechanical shaking wi th  100 

mL of dichloromethane f o r  2 h ( e x t r a c t  I) o r  Soxhlet-extracted a t  

5 cycles/h 

4 h ( ex t r ac t  111). 

f i n a l  volume with dichloromethane. A 10 mL f r a c t i o n  of each ex- 

t r a c t  was f i l t e r e d  through 25-grade g l a s s  f i l t e r  and was subjec ted  

e i t h e r  d i r e c t l y  t o  HPLC a n a l y s i s  o r  a f t e r  t h e  add i t ion  of carbo- 

furan i n t e r n a l  standard t o  7 mL of f i l t e r e d  e x t r a c t  and d i l u t i o n  to 

10 mL by the  addi t ion  of dichloromethane (d i lu t ed  f r a c t i o n ) ;  f i n a l  

carbofuran concentration of 3 mg/mL. 

with 80 mL of dichloromethane f o r  3 h ( e x t r a c t  11) and 

The Soxhlet e x t r a c t s  were made up t o  100 mL 

A 3.125 g sample of ca rba ry l  wet tab le  powder w a s  ex t r ac t ed  by 

mechanical shaking f o r  30 min i n  50 mL of 10% a c e t o n i t r i l e  i n  

chloroform (v/v).  

rpm. The volume of the  superna tan t  w a s  recorded and a 10 mL f rac-  

t i o n  w a s  f i l t e r e d  through 25-grade g l a s s  f i l t e r .  One mL of t he  

The suspension w a s  cen t r i fuged  f o r  5 min a t  2000 
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f i l t r a t e  w a s  d i l u t e d  t o  25 mL by the  add i t ion  of mobile phase and 

subjected d i r e c t l y  t o  HPLC ana lys i s  o r  a f t e r  t h e  add i t ion  of methio- 

carb i n t e r n a l  standard to  give a f i n a l  concentration of methiocarb 

of 1 mg/mL. A 0.5 mL (0.6 g )  sample of the  l i q u i d  suspension car- 

b a r y l  formulation w a s  ex t r ac t ed  by mechanical shaking f o r  30 min 

wi th  100 mL of chloroform a f t e r  t he  add i t ion  of 20 g of anhydrous 

N a 2 S O 4 .  

analyzed by HPLC o r  a f t e r  d i l u t i o n  of 7 .5  mL t o  10 d with mobile 

phase with t h e  simultaneous addi t ion  of methiocarb t o  give a f i n a l  

methiocarb concentration of 1 mg/mL. 

A f r a c t i o n  of t h e  supernatant w a s  f i l t e r e d  and d i r e c t l y  

The i n j e c t i o n  volume was  kept  cons tan t  a t  20 pL by using the  

loop- f i l l i ng  technique. A t  l e a s t  t h ree  r e p l i c a t e  i n j e c t i o n s  w e r e  

made of each analyzed sample. A l l  s tandard so lu t ions  f o r  both 

a ld i ca rb  and carbary l  analyses were made i n  the  corresponding 

mobile phases. 

Cal ibra t ion  Methods and Quant i ta t ion  

Both the  ex te rna l  and i n t e r n a l  standard c a l i b r a t i o n  methods 

were used. Carbofuran was used a s  the  i n t e r n a l  standard a t  the  

f i n a l  concentration of 3 mg/mL f o r  t he  ana lys i s  of a ld i ca rb ,  and 

methiocarb a t  1 mg/d  f o r  t he  ana lys i s  of carbary l .  

two c a l i b r a t i o n  curves were made f o r  each compound, one by p l o t t i n g  

peak he igh t s  in cm %. pg of the  ana ly t e ,  and the  o ther  by p l o t t i n g  

the  r a t i o ,  (peak he ight  of t he  ana ly te ) / (peak  he ight  of the  i n t e r n a l  

s tandard) ,  15.  ug of the  ana ly te .  The ca l cu la t ions  were made on the  

b a s i s  of t he  corresponding c a l i b r a t i o n  f a c t o r s  (slope of t he  c a l i -  

b ra t ion  curves) expressed e i t h e r  as peak he ight  i n  c m / #  of ana ly te  

(Method A ) ,  o r  the  r a t i o  of peak he ights  ( ana ly t e / in t e rna l  standard) 

/pg of the  ana ly te  (Method B), o r  a one poin t  ca l cu la t ion  of t h e  

c a l i b r a t i o n  f a c t o r  (Method C ) .  In  the  l a s t  method a standard curve 

was  not constructed but the  ca l cu la t ions  were based on the  response 

of a standard so lu t ion  of the  ana ly te  of a c e r t a i n  concentration. 

This l a s t  standard so lu t ion  was se l ec t ed  from among the  ones used 

f o r  t he  above-mentioned c a l i b r a t i o n  curves and contained t h e  appro- 

Therefore, 
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p r i a t e  s t a n d a r d  a t  a c o n c e n t r a t i o n  w i t h i n  21 pg/uL of  t h e  unknown 

sample. 

RESULTS AND DISCUSSION 

Carbamates w i t h  i n s e c t i c i d a l  a c t i v i t y  are e i t h e r  a r y l  o r  oxime 

N-methylcarbamates. A common f e a t u r e  of t h e  I R  spectrum of a l l  

carbamates i s  t h e  presence  of t h e  s t r o n g  carbonyl  a b s o r p t i o n  band 

i n  t h e  area of 5 .7  t o  6.3 pm. P r e l i m i n a r y  s t u d i e s  on t h e  chroma- 

tographic  behavior  o f  t h e  carbamate i n s e c t i c i d e s  i n  normal phase 

l i q u i d - s o l i d  chromatography (LSC) on a si l ica g e l  column showed t h a t  

a l l  compounds can b e  s e p a r a t e d  and e l u t e d  from t h e  column w i t h  s o l -  

v e n t  combinations which are r e l a t i v e l y  t r a n s p a r e n t  a t  t h e  carbonyl  

a b s o r p t i o n  range.  

The u l t i m a t e  purpose of a t r a c e  a n a l y s i s  is t h e  i d e n t i f i c a t i o n  

and q u a n t i t a t i o n  of t h e  sought  a n a l y t e ( s ) .  In  LC q u a n t i t a t i v e  

a n a l y s i s ,  sources  of e r r o r  are: sampling, c h o i c e  of t h e  chromato- 

graphic  c o n d i t i o n s ,  d e t e c t i o n ,  c a l i b r a t i o n  of t h e  method, and 

measurement ( 9 ) .  With t h e  use of microvalve i n j e c t o r s ,  t h e  samp- 

l i n g  e r r o r  can be minimized. 

g r a p h i c  condi t ions  f o r  a s p e c i f i c  s e p a r a t i o n  is  an impor tan t  f a c t o r .  

A b r i e f  review of t h e  l i t e r a t u r e  shows t h a t  c e r t a i n  groups of com- 

pounds a r e  p r e f e r e n t i a l l y  analyzed by one s p e c i f i c  chromatographic 

mode. Furthermore, t h e  s e l e c t i o n  of t h e  proper  mobile  phase com- 

p o s i t i o n  i s  c r i t i c a l  t o  o b t a i n  t h e  d e s i r e d  s e p a r a t i o n  s i n c e  unde- 

t e c t e d  or unsuspected over lapping  peaks can c r e a t e  e r roneous  quan- 

t i t a t i ve  resul ts .  Snyder & Kirkland  ( 9 )  l i s t  t h e  d e s i r e d  charac-  

t e r i s t i c s  of an i d e a l  LC d e t e c t o r .  Measurements can be  made e i t h e r  

by measuring peak areas o r  peak h e i g h t s  depending on t h e  c o n d i t i o n s .  

It  i s  g e n e r a l l y  b e l i e v e d  t h a t  c a l i b r a t i o n  methods w i t h  i n t e r n a l  

s t a n d a r d s  can i n c r e a s e  t h e  p r e c i s i o n  of  t h e  a n a l y s i s .  T h i s  is t r u e  

i f  a pre t rea tment  o r  d e r i v a t i z a t i o n  of t h e  sample i s  involved .  How- 

e v e r ,  t o o  much weight  i s  given t o  the use of t h e  i n t e r n a l  s t a n d a r d  

independent  of t h e  o t h e r  a n a l y t i c a l  c o n d i t i o n s .  P u b l i c a t i o n s  appear  

which p r e s e n t  methodologies which u t i l i z e  i n t e r n a l  s t a n d a r d s  wi thout  

The choice  of t h e  proper  chromato- 
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j u s t i f y i n g  its presence ;  a d d i t i o n a l  e f f o r t  i s  r e q u i r e d  i n  f i n d i n g  a 

chemica l ly  and chromatographica l ly  a p p r o p r i a t e  and r e a d i l y  a v a i l a b l e  

compound t o  serve as t h e  i n t e r n a l  s t a n d a r d  f o r  a s p e c i f i c  separa-  

t i o n .  It  is a l s o  p o s s i b l e  t o  i n c r e a s e  t h e  p r e c i s i o n  e r r o r  of an 

a n a l y s i s  due t o  t h e  p o s s i b l e  low r e s o l u t i o n  of t h e  i n t e r n a l  stan- 

dard  from t h e  compound(s) of in terest ,  t h e  i n t e r a c t i o n s  of  t h e  

i n t e r n a l  s t a n d a r d  w i t h  c o e x t r a c t i v e s  o r  pr imary m e t a b o l i t e s  of t h e  

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

n a l  s t a n d a r d  and t h e  sought  a n a l y t e  even under r e f r i g e r a t e d  condi-  

t i o n s  as i n  t h e  case w i t h  t h e  N-methylcarbamates. Furthermore,  one 

can  a c t u a l l y  i n c r e a s e  t h e  measurement e r r o r  s i n c e  one h a s  t o  measure 

two peaks i n s t e a d  of one. Therefore ,  t h e  d i f f e r e n t  c a l i b r a t i o n  and 

c a l c u l a t i o n  methods commonly used i n  q u a n t i t a t i v e  LC were compared 

h e r e  i n  terms of accuracy and r e p r o d u c i b i l i t y .  

Ald icarb .  A sample chromatogram of an a l d i c a r b  f o r m u l a t i o n  

e x t r a c t  i s  shown i n  F igure  1 and t h e  r e s u l t s  of t h e  a n a l y s i s  are 

g iven  in  Tables  1 and 2. The a n a l y s i s  w a s  conducted three t i m e s ,  

spaced  every  o t h e r  day. The measurements were made accord ing  t o  

t h e  t h r e e  methods as e x p l a i n e d  i n  t h e  exper imenta l  s e c t i o n .  The 

c a l i b r a t i o n  f a c t o r s  based on s t a n d a r d  curves  f o r  each d a t e  of 

a n a l y s i s  were: 

i n t e r n a l  s t a n d a r d  and 0.021, 0.021 and O.O22/pg of a l d i c a r b  i n  t h e  

presence  of t h e  i n t e r n a l  s t a n d a r d .  There is a s m a l l  b u t  c o n s i s t e n t  

i n c r e a s e  of the s l o p e  of t h e  s t a n d a r d  curve  i n  t h e  f i r s t  set of 

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

because  of t h e  h i g h  v o l a t i l i t y  of t h e  s o l v e n t .  T h i s  i n c r e a s e  is n o t  

prominent i n  t h e  second case s i n c e  t h e  presence  of t h e  i n t e r n a l  

s t a n d a r d  compensates f o r  the small changes i n  the a l d i c a r b  concen- 

t r a t i o n s .  I n  Table  1 are shown t h e  r e s u l t s  of t h e  a n a l y s i s  of t h e  

u n d i l u t e d  a l d i c a r b  e x t r a c t  (wi thout  i n t e r n a l  s t a n d a r d ) .  The ca lcu-  

l a t i o n s  w e r e  made accord ing  t o  Method A and C .  The mean v a l u e s  

c o n s i d e r i n g  t h e  t h r e e  d a t e s  as r e p l i c a t e s  f o r  t h e  t h r e e  e x t r a c t s  

are: 12.5ir0.3, 12.3k0.2 and 12.520.3 from Method A and 12 .6 t0 .6 ,  

0.121, 0.124 and 0 .133  cm/pg of a l d i c a r b  w i t h o u t  a n  
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- 
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- 

2 -  

- 

carbofuran  

01 I I I I I I I J 
0 2 4 6 

MINUTES 
FIGURE 1 

I R  l i q u i d  chromatogram obtained f o r  a 20-pL i n j e c t i o n  of an a ld i ca rb  
granular formulation ex t r ac t  containing 3 mg/mL carbofuran a s  the  
i n t e r n a l  standard.  The I R  de tec tor  was operated a t  5 . 7 5  pm and 0 . 1  
AUFS with a 1.5-mm path length ,  4.5-pL capac i ty  BaF2 f lowce l l .  The 
mobile phase consisted of acetonitri1e:dichloromethane:heptane (20: 
4 0 : 4 0 ) .  Flow r a t e  was 1.5 mL/min. 

1.2.4t0.5 and 12.6k0.6 from Method C. Although the  mean values 

obtained by e i t h e r  method of c a l i b r a t i o n  and from a l l  t h r e e  e x t r a c t s  

a r e  not s t a t i s t i c a l l y  s i g n i f i c a n t  a t  the 1% l e v e l ,  Method A appears 

t o  be more r e l i a b l e  (lower variance) f o r  day t o  day ana lys i s  than 

Method C which showed a variance per  d a t e  more than twice g rea t e r  

than from Method A f o r  these  th ree  e x t r a c t s  analyzed. 

In Table 2 a r e  shown the  r e s u l t s  of the ana lys i s  of the  d i l u t e d  

a ld i ca rb  e x t r a c t s  wi th  the  l n t e r n a l  standard.  Method C showed the 

smal les t  variance per da te  and Method A the  h ighes t  f o r  e x t r a c t  I. 

The order  was reversed i n  extract 111 whereas i n  e x t r a c t  I1 Method 
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CARBAMATE INSECTICIDES ALDICARB AND CARBARYL 1673 

B showed t h e  smallest v a r i a n c e  and Method C t h e  h i g h e s t .  

t h e  Bartlett 's test of t h e  homogeneity of  v a r i a n c e ,  i t  was found 

t h a t  t h e  pooled v a r i a n c e  of a l l  t h r e e  methods over  e x t r a c t i o n s  €or 

both  d i l u t e d  and u n d i l u t e d  samples were not  s t a t i s t i c a l l y  s i g n i f i -  

c a n t .  Consider ing t h e  pooled v a r i a n c e  p e r  d a t e  f o r  each method 

s e p a r a t e l y  over  a l l  e x t r a c t i o n s ,  t h e r e  w e r e  n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e s  a t  the 1% level  f o r  bo th  d i l u t e d  and un- 

d i l u t e d  e x t r a c t s .  

method showed d a t e s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f o r  Method A b u t  

they  w e r e  d i f f e r e n t  f o r  Methods B and C .  However, averages  were 

taken  over  t h e  t h r e e  e x t r a c t s .  

Applying 

Duncan's m u l t i p l e  range t es t  of d a t e s  f o r  each 

- C a r b a .  Two formula t ions  of c a r b a r y l  w e r e  ana lyzed ,  a w e t t a b l e  

powder and an aqueous suspens ion .  Sample chromatograms of t h e  analy-  

sis of bo th  formula t ions  are shown i n  F igure  2 ,  and r e s u l t s  of t h e  

a n a l y s i s  i n  Table  3. The a n a l y s i s  w a s  r e p e a t e d  t h e  n e x t  day. The 

b 
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carboryl ca rba ry l  
6- 

- I 

4 -  
met hiocarb 

o o d d " l d l d  2 4 6 8 10 12 14 

MINUTES 

FIGURE 2 

I R  l i q u i d  chromatograms obta ined  f o r  20-1JL i n j e c t i o n s  of c a r b a r y l  
formula t ion  e x t r a c t s :  ( a )  w e t t a b l e  powder and (h) l i q u i d  suspen- 
s i o n ;  each c o n t a i n i n g  1. mg/mL methiocarb as t h e  i n t e r n a l  s t a n d a r d .  
The I R  d e t e c t o r  was opera ted  a t  5.75 um and 0.1 AUFS wi th  a 1.5-mm 
p a t h  l e n g t h ,  4.5-pL c a p a c i t y  BaF2 f l o w c e l l .  The mobile  phase con- 
s i s t e d  of acetonitri1e:dichloromethane:heptane (15:30:55). Flow 
rate w a s  1.5 mI,/min. 
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CARBAMATE INSECTICIDES ALDICARB AND CARBARYL 1675 

c a l i b r a t i o n  f a r t o r s  were: 0.102 and 0.111 cm/pg of  c a r b a r y l  f o r  

each d a t e  of a n a l y s i s  and O.O5/pg c a r b a r y l  f o r  bo th  d a t e s  i n  t h e  

c a s e  where t h e  i n t e r n a l  s t a n d a r d  w a s  inc luded .  Again, t h e  s m a l l  

i n c r e a s e  of t h e  s l o p e  i n  t h e  f i r s t  c a s e  i s  probably due t o  t h e  con- 

c e n t r a t i o n  of  t h e  s t a n d a r d  s o l u t i o n s  whereas  t h i s  change i s  compen- 

s a t e d  f o r  by t h e  presence o f  t h e  i n t e r n a l  s t a n d a r d .  No s t a t i s t i c a l  

a n a l y s i s  was made f o r  t h i s  se t  of  r e s u l t s  due t o  t h e  small number 

of v a l u e s ,  e x c e p t  f o r  c a l c u l a t i o n s  of mean v a l u e s  and s t a n d a r d  

d e v i a t i o n s  p e r  da te  f o r  each method of measurement. 

h igh  s t a n d a r d  d e v i a t i o n s  of Methods B and C over  d a t e s  i n  t h e  c a s e  

of t h e  a n a l y s i s  of  c a r b a r y l  l i q u i d  suspens ion  i s  b e l i e v e d  t o  be  due 

t o  t h e  d i f f e r e n c e  i n  s t a b i l i t y  of  c a r b a r y l  and methiocarb i n  t h e  

e x t r a c t i o n  s o l v e n t .  

The r e l a t i v e l y  

CONCLUSIONS 

An HPLC system o p e r a t e d  i n  t h e  normal phase w i t h  a s i l i c a  g e l  

column and an on- l ine  i n f r a r e d  d e t e c t o r  h a s  been demonstrated to  be  

a n  e a s i l y  o p e r a t e d ,  t r o u b l e - f r e e  system and h a s  been s u c c e s s f u l l y  

a p p l i e d  f o r  t h e  a n a l y s i s  o f  a l d i c a r b  and c a r b a r y l  i n  f o r m u l a t i o n s .  

No i n t e r f e r e n c e  from t h e  formula t ion  c o e x t r a c t i v e s  w a s  p r e s e n t .  

The s e l e c t e d  mdbile  phase combinat ions are r e l a t i v e l y  t r a n s p a r e n t  

i n  t h e  5.7 t o  5.75 pm r e g i o n  of  t h e  i n f r a r e d  spectrum where t h e s e  

carbamates show t h e i r  s t r o n g e s t  a b s o r p t i o n  hand and still  have t h e  

proper  s t r e n g t h  and s e l e c t i v i t y  t o  s e p a r a t e  and e l u t e  the  analyzed  

carbamates i n  less than 6 min. Any c a l i b r a t i o n  method can be used 

f o r  t h e  q u a n t i t a t i v e  measurements s i n c e  no s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e s  were found i n  t h e  r e s u l t s  o b t a i n e d  by e i t h e r  method. 

Therefore  t h e  s e l e c t i o n  h a s  t o  be made on t h e  b a s i s  of s i m p l i c i t y  

and t h e  number o f  p i t f a l l s  a s s o c i a t e d  w i t h  each method depending 

on t h e  a n a l y t i c a l  problem. 
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