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INTRODUCTION 

Pineapples imported into the USA from Mexico have been analyzed by 
t h i s  laboratory and found to cons is ten t ly  contain ca rbary l  
[1-naphthyl -N-methylcarbamate] ,  a chol inesterase inhibi t ing 
pes t ic ide ,  at low ppm levels .  The analysis  and sample p repara -  
tion are conducted according to c u r r e n t  federal  regula t ions  (Code 
of Federal  Regulat ions 1982). The only par t  of the pineapple 
d i s c a r d e d  before analysis  is the crown and leaves.  An analyt i -  
cal ly  suppor table  determination of this  res idue is necessa ry  to 
pe rmi t  considerat ion for compliance action,  i . e .  based on unreg i s -  
te red  use .  

To provide acceptable analytical data  for trace levels (Cairns 
Rogers  1983), the analytical  chemist must respond by developing 
methodology to sa t i s fy  the immediate need .  Usually, no official 
me thods  exis t ,  or ,  if they  do, the limit of detection is f r equen t -  
ly i n s u f f i c i e n t .  A d d i t i o n a l l y ,  a n a l y s e s  by  two i n d e p e n d e n t  
methods are normally required to confirm the quant i ta t ive  data  
p resen ted  as being rel iable.  

This paper  descr ibes  the quant i ta t ion of carbary l  in pineapples by 
two techniques, high performance liquid chromatography (HPLC) and 
gas chromatography mass spectrometry (GCMS) using ammonia chemical 
ionization and single ion monitoring (SIM). 

METHODS AND MATERIALS 

All spectra  were obtained on a Finnigan 3300 quadrupole  mass 
spectrometer  equipped with a CI source and INCOS data system; 
opera t ing  condit ions:  45 cm x 2 mm i . d .  glass column packed with 
2% DEGS on 80/100 mesh Chromosorb W; carrier gas, 25 mL methane- 
/rain,  column inlet 250vC, column tempera tures  180 C, isothermal;  
electron energy 150 eV and a source p~essure of 0.8 Torr (adjusted 
to maximize the in tens i ty  of the [NH 4] ion at m/z 18). 
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T h e  l iquid  c h r o m a t o g r a p h  em p l oyed  was a S p e c t r a  P h y s i c s  Model 
SP-8000  wi th  m i c r o p r o c e s s o r ,  p r i n t e r - p l o t t e r  and  100 uL sample  
loop and  equipped  with a 25 cm x 3.2 mm i . d .  Ul t rasphere  ODS 10 u 
wi th  g u a r d  co lumn o p e r a t e d  as fo l lows:  a c e t o n i t r i l e / w a t e r ,  40/60 
a t  1.5 mL/min (equivalent  to about 3100 p s i ) .  The  de tec tor  was a 
Schoef fe l  FS 970 LC Fluorometer with excitation set  at 288 nm with 
a C o r n i n g  g l a s s  7-60 f i l t e r  to g ive  an emiss ion  window of 310 nm 
to  402 n m .  Pho toce l l  vo l t age  was 920 vo l t s  wi th  a 6 s e c o n d  t ime 
c o n s t a n t  and  a r a n g e  of 0.02 u A .  T h i s  p r o c e d u r e  was f rom a 
p r e v i o u s l y  p u b l i s h e d  me thod  ( K r a u s e  & A u g u s t  1983) wi th  some 
modi f i ca t ion .  

F o r  a n a l y s i s  b y  GCMS, 100 g p o r t i o n s  f rom h o m o g e n i z e d  50 Kg 
s a m p l e d  l o t s  o f  p i n e a p p l e s  ( c r o w n  a n d  l e a v e s  r e m o v e d )  w e r e  
e x t r a c t e d  (Luke et al.  1981) and cleaned up using Florisil (Luke 8 
D o o s e  1983) .  T h e  50% p e t r o l e u m  e t h e r / d i e t h y l  e t h e r  e lu t ion  was 
c o m b i n e d  with  t he  100% d i e t h y l  e t h e r  e lu t ion  and  c o n c e n t r a t e d  to 
a p p r o x i m a t e l y  0.1 mL with  a s t r e a m  of  d r y  n i t r o g e n  and  t h e n  
d i l u t e d  u p  to  1 .5  mL w i t h  a c e t o n e  d e p e n d i n g  on  s u s p e c t e d  
c o n c e n t r a t i o n  to  a l low s a m p l e  i n j e c t i o n  to  f a l l  on  c e n t r o i d  o f  
c a l i b r a t i o n  c u r v e .  

F o r  a n a l y s i s  b y  HPLC,  the  same s am p l e  p r e p a r a t i o n  was  fol lowed 
w i t h  t he  sample  e x t r a c t  b e i n g  t a k e n  u p  in a c e t o n i t r i l e  b e f o r e  
in jec t ion  (3 to 5 mL as f inal  vo lume fo r  i n j e c t i o n ) .  

R E S U L T S  A N D  D I S C U S S I O N  

Five  samples were analyzed by  GCMS and HPLC and the resu l t s  are  
t a b u l a t e d  in T a b l e  1. 

T a b l e  1 .  C a r b a r y l  L e v e l s  f o u n d  in P i n e a p p l e s  

Sample  a 
Leve l  of  C a r b a r y l  ( ppm)  

G C M S - C I - N H  3 HPLC 

1 0.21 0.54 
2 0.42 0.40 
3 1.80 1.60 
4 0 .26 0.22 
5 0.16 0.15 

a 100 g s am p l e s  e x t r a c t e d  f rom compos i t e  of  20 
p i n e a p p l e s .  
R e c o v e r i e s  were  81% and  93% fo r  GCMS and  HPLC 
r e s p e c t i v e l y .  
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minutes (Figure i ) .  A blank sample 
of domestic p ineapples  (obtained 
locally) was also examined and found 
to contain no i n t e r f e r i n g  peaks  in 
the  re ten t ion  zone expec ted  for  
carbaryl .  Having established a true 
b l a n k ,  the homogenized pineapples  
were then spiked with c a r b a r y l  
s t a n d a r d  at a concen t ra t ion  level of 
0.149 ppm and then  car r ied  t h r o u g h  
t he  analytical  p ro tocol .  The  
r e c o v e r y  of c a r b a r y l  by  the  method 
was 93%. A calibration curve (using 
peak area measurements)  es tabl ished 
using the in jected concent ra t ion  
l e v e l s  of  4 . 63 ,  9 . 2 5 ,  23 . 1 ,  4 6 . 3 ,  
69 .5  and 92.5 ng  r e s u l t e d ~ i n  a 
coeff icient  of cor re la t ion  (r  z) of 
>0.99 (Figure 2). Samples were then 
analyzed  and c a r b a r y l  quan t i t a ted  
v i a  t he  c a l i b r a t i o n  c u r v e  with no 
cor rec t ions  applied due to blank or 
r e c o v e r y  data (Table  1) .  
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Figure  1. HPLC chromatogram 
of pineapple  e x t r a c t .  
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The isocrat ic  condi t ions selected for the analysis  (1.5 mL/min 40% 
acetoni t r i le  60% water)  resu l ted  in a re ten t ion  time of about  6 
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Amount  I n j e c t e d  on column (ng) 

F i g u r e  2.  Calibrat ion cu rve  es tab l i shed  for  c a rba ry l  by  HPLC. 
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R e c o n s t r u c t e d  I o n  C h r o m a t o g r a m  

i ,/I 
~'L. ) 

S c a n  5 0  1 0 0  1 5 0  2 0 0  2 5 0  

T i m e  1 : 1 0  2 : 1 9  3 : 2 9  4 : 3 8  5 : 4 8  

M u l t i p l e  I o n  C h r o m a t o g r a m s  

t \ 
m l z  145 J ' ~ - -  / \ 

~ - ~ - ' J ' ~ " ~ - - ~ - ' - " - - ' ~ - - ~ )  . . . .  t I ~ " - ' ^ ~ ' ' "  . . . .  ^ i "L'Y'~:~'T-" " " ~ " 7 " - ~  " ' * "~  " ? " ~ l  

m / z  1 6 2  
>, ~ , . - ' . v ' ~  "1""'~, " - ~ ,  "T, ,'m---'~ . , . . . .  , 
e'l 

i= 

m/z 202 ._~,-~'~-. _. 
"~ i - ~ ' ~  ' ' ' t . . . .  i , , ; ' i . . . .  i 

., m / z  2 1 9  _ ~ - ~  
. . . .  i . . . .  i . . . .  i . . . .  i 

S c a n  5 0  1 0 0  1 5 0  2 0 0  2 5 0  

F i g u r e  3 .  Ammonia  chemical  ion iza t ion  GCMS d a t a  on p i n e a p p l e  
e x t r a c t .  

P r e v i o u s  c o n f i r m a t i o n  of c a r b a r y l  in m a r i o n b e r r i e s  ( C a i r n s  e t  al~ 
1983) via  chemica l  ion iza t ion  u s i n g  ammonia  as  r e a g e n t  g a s  
r e s u l t e d  in a b a s e  p e a k  at  m / z  145 r e p r e s e n t i n g  t h e  p r o t o n a t e d  
naph tho l  from loss of the methylcarbamate side chain.  Relying on 
more  t h a n  one ion fo r  c o n f i r m a t i o n ,  t h r e e  o t h e r  ions  w e r e  a lso  
m o n i t p r e d ,  n a m e l y  m/z  162 ,  202 and  219 r e p r e s e n t i n g  [ n a p h t h o l  + 
NH 4] , MH and [M + NH 4] respec t ive ly  (Figure 3) .  Quanti tat ion,  
h o w e v e r ,  was a c h i e v e d  b~r s ing le  ion m o n i t o r i n g  of  t h e  ion a t  m/z  
145 due  to t he  l eve l  of  s e n s i t i v i t y  r e q u i r e d .  T h e  o t h e r  ions  
r e p r e s e n t i n g  o t h e r  p r o d u c t s  of  i o n - m o l e c u l e  r e a c t i o n s  w e r e  l e s s  
a b u n d a n t  and hence deemed unsuitable for the level of quant i ta t ion 
r e q u i r e d .  A c a l i b r a t i o n  p l o t  w a s  e s t a b l i s h e d  u s i n g  t h r e e  
c o n c e n t r a t i o n  l eve l s  wi th  m e a s u r e m e n t s  in t r i p l i c a t e  ( F i g u r e  4 ) .  
T h e  c o e f f i c i e n t  o f  c o r r e l a t i o n  ( r )  w a s  0 . 9 5 .  R e s u l t s  o f  
q u a n t i t a t i o n  of s a m p l e s  a re  l i s t ed  in T a b l e  1.  
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F i g u r e  4 .  Ca l ib ra t ion  c u r v e  
GCMS-SIM-NH 3 . 

for  c a r b a r y l  e s t ab l i shed  by  

In  the ear l ier  conf i rmat ion of c a r b a r y l  in mar ionber r i e s  (Ca i rns  
e t  a l .  1983), the  p r o p o s e d  f r agmenta t ion  mechanism to expla in  the  
ion at  m/z 145 was outl ined as o c c u r r i n g  via p roduc t ion  of the  
n e u t r a l  naph tho l  moiety and s u b s e q u e n t  p r o t o n a t i o n .  Pre l iminary  
studies using ND 3 as reagent gas have now indicated that the amide 
h y d r o g e n  is t r a n s f e r r e d  to the  n ap h th o l  moiety .  With th is  new 
i n f o r m a t i o n ,  t h r e e  o t h e r  poss ible  mechanisms to explain the  ion at 
m / z  145 must  also be  now c o n s i d e r e d .  I t  is poss ib le  to env i sage  
amide pro ton  t r a n s f e r  via 4- and 6-membered  cyclic t r ans i t ion  
s t a t e s  a f t e r  i n i t i a l  p r o t o n a t i o n  a t  t h e  e t h e r  o x y g e n  and  t h e  
o r t h o - a r o m a t i c  s i te ,  r e s p e c t i v e l y .  While these  mechanisms are  
classical  in concep t  ( i . e .  bond forming be fo r e  bond b r e a k i n g ) ,  a 
n o n - c l a s s i c a l  r o u t e  m i g h t  a l so  be  r e s p o n s i b l e .  R e c e n t l y ,  a 
qua l i t a t ive  p i c t u r e  for  such  in t ramolecu la r  h y d r o g e n  r e a r r a n g e -  
m e n t s  has been  advanced  (Morton 1982) w h e r e b y  the side chain is 
f i r s t  los t  b y  bond  f ission as a cat ion which immediately bonds  
e lec t ros ta t ica l ly  to the  r e su l t an t  n e u t r a l  molecule formed b y  the  
o r i g i n a l  bond f iss ion ( i . e .  n a p h t h o l ) .  Due to low b a r r i e r s ,  the  
cation can ro ta t e  to p rov ide  the amide h y d r o g e n  for  s u b s e q u e n t  
t r a n s f e r .  Studies are currently under  way to determine which of 
the  p roposed  mechanisms might be r e s p o n s i b l e .  
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In comparing the quan t i t a t ive  r e su l t s  obtained by  the two 
t e c h n i q u e s  employed for  the analyses  (Table  I ) ,  it is ev iden t  tha t  
t h e  e x p e r i m e n t a l  d e g r e e  of c o r r e l a t i o n  is h igh  wi th  t h e  sole  
e x c e p t i o n  of  sample  n u m b e r  1. At t h e  p r e s e n t  t ime t h e r e  is 
i n s u f f i c i e n t  da ta  to sugges t  a possible  source  of e r r o r .  Such an 
approach  has p rov ided  reliable and acceptable  analyt ical  data  for  
t r a c e  levels of c a r b a r y l .  While the  coeff ic ient  of cor re la t ion  
by  HPLC was excellent (>0.99), the lower value of 0.95 by GCMS did 
no t  ef fec t ive ly  r educe  the obse r ved  rel iabi l i ty  or  impact of the 
da t a .  On the  c o n t r a r y ,  the confirmation gained by  the 
syne rg i s t i c  r e su l t s  added to the accep tab i l i ty .  
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