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One of t he  c o r n e r s t o n e s  of  an a r c h i t e c t u r a l  a p p r o a c h  a d o p t e d  b y  
th i s  laboratory (Luke & Masumoto 1982) in screening vegetables  for  
p e s t i c i d e s  and  i n d u s t r i a l  chemica l s  is t he  e x t e n s i v e  u s e  of  t h e  
Hal l  e l e c t r o l y t i c  c o n d u c t i v i t y  d e t e c t o r  ( H E C D ) .  D e s i g n  
i m p r o v e m e n t s  ( A n d e r s o n  & Hall 1980) h a v e  r e s u l t e d  in t he  a n a l y t -  
ical  c a p a b i l i t y  of  d e t e c t i n g  n a n o g r a m  q u a n t i t i e s  of  o r g a n o n i t r o g e n  
compounds and sub-nanogram amounts of organosul fur  and o rgano-  
ha logen  compounds.  Routine use  of such  capabilities, however ,  is 
n o t  wi thou t  c e r t a i n  p r o b l e m s .  Few i n t e r f e r i n g  b a c k g r o u n d  p e a k s  
h a v e  been encountered  due to the acetone-dichloromethane-petroleum 
e t h e r  p a r t i t i o n i n g  c l e a n - u p  p r o c e d u r e  u s e d  ( L u k e  et  a l .  1981) .  
S i n c e  e f f l u e n t s  f rom t h e  g a s  c h r o m a t o g r a p h  (GC) a r e  no rma l ly  
ionized or reduced  to produce an ionic species when dissolved in a 
s u i t a b l e  s o l v e n t ,  some c o m p o u n d s ,  i f  p r e s e n t  in s u f f i c i e n t  q u a n t i -  
t i e s  c a n  r e s u l t  in  c a r b o n  d i o x i d e  p r o d u c t i o n  as  a c o n d u c t i n g  
s p e c i e s .  R e c e n t l y  two s t r o n g  r e s p o n s e s  on the  HECD-X f rom 
b a n a n a s  and eggplant  ex t rac t s  were not due to halogens.  Fu r the r  
i n v e s t i g a t i o n s  b y  g a s  c h r o m a t o g r a p h y  mass  s p e c t r o m e t r y  (GCMS) 
r e v e a l e d  the  c o m p o u n d s  to be  f a t t y  a c i d s .  

T h i s  p a p e r  d e s c r i b e s  the  i d e n t i f i c a t i o n  of  t he  e n c o u n t e r e d  
r e s i d u e s  in e g g p l a n t  to be  a m i x t u r e  of  pa lmi t ic ,  o le ic ,  s t e a r i c ,  
l inoleic  and  l inolenic  ac id s  via  chemica l  ion iza t ion  (CI )  GCMS. 

M A T E R I A L S  A N D  METHODS 

Al l  c h r o m a t o g r a m s  w e r e  o b t a i n e d  on  a T r a c o r  Mode l  560 g a s  
c h r o m a t o g r a p h  e q u i p p e d  with  a Hall  Model 700A e l e c t r o l y t i c  
c o n d u c t i v i t y  d e t e c t o r  in the  h a l o g e n  mode:  o p e r a t i n g  c o n d i t i o n s ;  
120 cms x 2 mm i . d .  glass column packed with 3% SP2100 on 80/100 
m e s h  C h r o m o s o r b  W . H . P . ;  c a r r i e r  g a s  10 mL/min  H . ;  co lumn in le t  

O �9 �9 

200~ column t e m p e r a t u r e  180 C; d e t e c t o r  o p e r a ( r a g  condz t lons  
were  as p r e v i o u s l y  d e s c r i b e d  ( L u k e  e t  a l .  1981) .  
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100 g p o r t i o n s  of  g r o u n d  e g g  p l a n t  were  e x t r a c t e d  ( L u k e  et  a l .  
1981)  a n d  c o n c e n t r a t e d  to 4 mL a n d  7 mG (sample  e q u i v a l e n t s )  
i n j e c t e d  on to  t he  G C .  D e r i v a t i z a t i o n  of t he  sample  was p e r f o r m e d  
b y  e v a p o r a t i n g  to an  oily r e s i d u e  w i t h o u t  h e a t  u ~ d e r  a s t r e a m  of  
n i t r o g e n  followed b y  add i t ion  of 0.5 mL Methyl  8 ~" (DMF d ime thy l  
a c e t a l  in p y r i d i n e )  a t  room t e m p e r a t u r e .  T h e  r e a c t i o n  m i x t u r e  
w a s  t h e n  i n j ec t ed  d i r e c t l y  on to  t h e  Si lar  10C column a t t a c h e d  to 
t h e  GCMS. 

All s p e c t r a  we re  o b t a i n e d  on a F i n n i g a n  3300 q u a d r u p o l e  mass  
s p e c t r o m e t e r  e q u i p p e d  wi th  a CI s o u r c e  and  INCOS d a t a  s y s t e m ;  
operat ing conditions: 45 cm x 2 mm i . d .  glass coluumn packed  with 
2% DEGS on 80/100 mesh Chromosorb W for fa t ty  acids and 150 cm x 2 
mm i . d ,  glass column packed with 3% Silar 10C on 100/120 mesh Gas 
Chrom Q for fa t ty  acid es te rs ;  c a r ~ r  gas and reagent  gas  for CI: 
25 mL methane/rain, column inlet 250 C, column tempera tures  170~ 
i s o t h e r m a l ;  e l e c t r o n  e n e r g y  150 e V .  

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

T h e  initial f indings of the two major responses  b y  HECD-X (Figure 
1) seemed  to i n d i c a t e  t h e  p r e s e n c e  of  a t  l e a s t  two c h l o r i n a t e d  
c o m p o u n d s .  D u e  to  t h e  b r o a d  p e a k  s h a p e s  on  SP2100 t h e s e  
m o l e c u l e s  w e r e  t h o u g h t  to  b e  p o l a r  e n t i t i e s .  S u c h  s t r o n g  
r e s p o n s e s  became of immediate concern .  Experienced intuition led 
to  t h e  p r e l i m i n a r y  conc lu s ion  t h a t  s u c h  r e s p o n s e s  were  p r o b a b l y  
n o t  c h l o r i n a t e d ,  b e c a u s e  of b a s e - l i n e  d r i f t  and  n o n - l i n e a r i t y  of  
r e s p o n s e  on  r e p e a t e d  i n j e c t i o n s .  I n  t h e  HECD s y s t e m ,  t h e  
c o n d u c t i n g  s p e c i e s  no rma l ly  f o r m e d  in t he  o x i d a t i v e  modes  a r e  
c a r b o n  d i o x i d e ,  t h e  s u l f u r  o x i d e s  a n d  t h e  h a l o g e n  h a l i d e s .  
Responses  due to CO9 are  minimized b y  the use  of an non-aqueous  
s o l v e n t  s u c h  as  n - p 9 o p a n o l .  H o w e v e r ,  t h e r e  does  e x i s t  t h e  r ea l  
p o s s i b i l i t y  t h a t  some molecules  p r e s e n t  in s u b s t a n t i a l  a m o u n t s  
( a b o v e  1000 ng  p e r  in jec t ion)  c a n  g ive  a r e s p o n s e  on t h e  HECD 
p a r t i c u l a r l y  i f  t h e y  c o n t a i n  o x y g e n .  With t h i s  b a c k g r o u n d  
i n f o r m a t i o n ,  i t  was  i m p e r a t i v e  to  r e s o l v e  t he  i d e n t i t y  of  t h e s e  
o b s e r v e d  r e s p o n s e s .  

U n d e r  GCMS c o n d i t i o n s  u s ing  a 2% DEGS column with m e t h a n e  as  
c a r r i e r  and  r e a g e n t  g a s  fo r  chemica l  ion iza t ion  ( F i g u r e  2 A ) ,  t h e  
i d e n t i t y  of t he  e l u t i n g  c o m p o u n d s  were  f o u n d  to be  f a t t y  ac id s  
( F i g u r e  3 ) .  C o m p a r i s o n  wi th  r e f e r e n c e  s t a n d a r d s  s u b s t a n t i a t e d  
t h e s e  c o n c l u s i o n s .  To  a s s i s t  t h e  r e a d e r  wi th  the  e lu t ion  o r d e r  
o f  t h e s e  f a t t y  a c i d s ,  m a s s  c h r o m a t o g r a m s  ( F i g u r e  2B)  w e r e  
c o n s t r u c t e d  u s i n g  the  ion v a l u e s  u n i q u e  to each  f a t t y  a c i d .  I t  
w a s  i n t e r e s t i n g  t o  o b s e r v e  t h a t  u n d e r  m e t h a n e  CI c o n d i t i o n s  
p a l m i t i c  acid ( F i g u r e  3A) did  n o t  ~ f r a g m e n t  e x t e n s i v e l y  to 
h y d r o c a r b o n  e n t i t i e s  in t h e  h i g h l y  c h a r a c t e r i s t i c  p a t t e r n  o b s e r v e d  
f o ~  i t s  homologs  ( [ C  H~ ~ - 1] f o r  t he  s a t u r a t e d  and  [C H_ - 
1] n n I n zn  

fo r  u n s a t u r a t e d ,  e~c~. While s u c h  c h a r a c t e r i s t i c  p a t t e r n s  
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F i g u r e  I .  Gas  c h r o m a t o g r a m  of  e g g p l a n t  e x t r a c t  o b t a i n e d  u s i n g  
H E C D - X .  

were  c l e a r l y  o b s e r v e r a b l e  fo r  s t e a r i c  ( F i g u r e  3 B ) ,  l inole ic  
( F i g u r e  ~ C )  and  l inolenic  ( F i g u r e  3D) a c i d s ,  t h e  ~ b s e r v a n c e  of  an 
[M - 1] ion at  __m/z 279 r a t h e r  t h a n  the  [M + 1 ] -  ion fo r  l inoleic  
i s  u n u s u a l .  With t h e  p r e s e n c e  of  c a r b o x y l i c  g r o u p s ,  p r o t o n a t i o n  
a t  the  ca rbonyl  oxygen  atom would be  p red ic ted .  The  experimental  
e v i d e n c e  t h a t  p r o t o n  a b s t r a c t i o n  took  p lace  ( a d m i t t e d l y  to a minor  
e x t e n t )  would s t r o n g l y  f a v o r  in i t ia l  ion iza t ion  a t  a s i t e  o t h e r  
t h a n  t h e  c a r b o n y l .  S i n c e  t h e  r e m a i n d e r  o f  t h e  m o l e c u l e  is  
h y d r o c a r b o n  in n a t u r e ,  t h e n  p r o t o n a t i o n  a b s t r a c t i o n  would be  
e x p e c t e d  at  t he  d o u b l e  b o n d  s i t e .  T h e  a p p a r e n t  a b s e n c e  of  oleic 
a c i d  o r  t he  l ack  of e v i d e n c e  to s u p p o r t  i t s  p r e s e n c e  w a r r a n t e d  
t h a t  t h e  e x t r a c t  b e  e s t e r i f i e d  and  r e - e x a m i n e d .  Such  a d d i t i o n a l  
e x p e r i m e n t a l  work  would also s e r v e  to conf i rm the  in i t ia l  
f i n d i n g s .  On t h i s  o c c a s i o n ,  h o w e v e r ,  a d i f f e r e n t  s t a t i o n a r y  
p h a s e  was employed (Sflar 10C) to ensu re  an improved separat ion of 
t h e  m e t h y l  e s t e r s  o f  t h e s e  f a t t y  ac id s  ( F i g u r e  4 ) .  B a s e d  on the  
f u l l  mass  s p e c t r a l  s c a n s  ( m / z  100-500) ( F i g u r e  4A) o b t a i n e d  f rom 
t h e  r e c o n s t r u c t e d  ion c u r r e n t  ( R I C ) ,  mass  c h r o m a t o g r a m s  ( F i g u r e  
4B) were  p l o t t e d  to i nd i ca t e  t h e  p r e s e n c e  of pa lmi t i c ,  s t e a r i c ,  
oleic ,  l inoleic  and  l inolenic  ac ids  as  t h e i r  m e t h y l  e s t e r s .  In  
th i s  c a se ,  the  p r e s e n c e  of m e t h y l  o lea te  was d e m o n s t r a t e d .  As a 
r e s u l t  of  m e t h y l a t i o n ,  an  u n i d e n t i f i e d  p e a k  was a lso  o b s e r v e d  
( F i g u r e  4A) and  was c o n c l u d e d  not  to be  of  f a t t y  acid  o r i g i n .  
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F i g u r e  2 .  GCMS of eggplant  ex t rac t :  (A) Total ion chromatogram, 
and (B) mass chromatograms to dist inguish const i tuent  fa t ty  acids .  

A c l o s e r  e x a m i n a t i o n  of the  s p e c t r a  of  t h e s e  m e t h y l  e s t e r s  of 
f a t t y  ac ids  ( F i g u r e  5) was i n t e r e s t i n g .  In  t he  ca se  of palmit ic  
( F i g u r e  5A) and  s t e a r i c  ( F i g u r e  5 B ) , ]  b o t h  s a t u r a t e d  e n t i t l e s ,  
l i t t l e  o r  no f r a g m e n t a t i o n  d e f i n i t i v e  of  t he  p r e s e n c e  of t h e  long 
c h a i n  h y d r o c a r b o n  moie ty  was e v i d e n t .  T h e  b a s e  p e a k  was the  
p r o t o n a t e d  mo lecu l a r  ions  a t  m/z  271 and  299 r e s p e c t i v e l y .  
H o w e v e r ,  the  n e x t  most  a b u n d a n t  ions  r e p r e s e n t e d  p r o t o n  
a b s t r a c t i o n ,  i . e .  m / z  269 and  297 r e s p e c t i v e l y .  I t  would a p p e a r ,  
t h a t  u n d e r  CI a long  cha in  m e t hy l  e s t e r  can  b e h a v e  as  a p r o t o n +  
d o n o r  o r  a c c e p t o r  d e p e n d i n g  on the  s i t e  of  in i t ia l  a t t a c k  b y  CH 5 . 
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F i g u r e  3 .  F u l l  mass spec t ra l  scans  ob ta ined  from peaks  o b s e r v e d  in  
e g g p l a n t  e x t r a c t .  
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Fig u r e  4 .  GCMS of methylated extract  of eggplant: (A) total ion 
chromatogram, and (B) mass chromatograms to dist inguish the 
constituent methyl e s t er s .  
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F i g u r e  5 .  (Appear ing  on prev ious  p a g e ) .  Total mass spectral data 
obta ined from peaks  in methylated eggp lan t  e x t r a c t .  

Turning now to the unsaturated methyl esters,  the highly charact- 
er is t ic  pa t t e rn  of h y d r o c a r b o n  f ragmenta t ion  was c lear ly  ev iden t ,  
Once again,  however ,  linolenic (F igure  5D) has d isp layed the 
p r e f e r e n t i a l  t e n d e n c y  to pro ton  abs t r ac t  ( i . e .  m/z 293 
r e p r e s e n t i n g  [M - 1 ] - ) .  

Hav ing  es tabl ished tha t  the original  r e sponses  by  HECD were a 
m i x t u r e  of f a t ty  acids ,  an at tempt  was made to rat ionalize the  
o b s e r v e d  e x p e r i m e n t a l  f i n d i n g s .  While s u c h  f a t t y  a c id s  a re  
capable of producing CO~ via oxidation, they can also produce H O. 
P e r h a p s  it is the combination of these  two in gross  amounts t ea t  
were responsible for the observed responses.  To gain an estimate 
of the quan t i ty  of f a t ty  acids p r e s e n t  in the e x t r a c t ,  an 
i n j e c t i o n  of s tear ic  acid nece s sa ry  to p roduce  such a response  
contained 2000 ng.  It now became clear that the eggplant extract 
d id  contain large  amounts of fa t ty  acids which had nav iga ted  our  
e x t r a c t i o n  and c lean-up  p rocedu re s  and been injected on column. 
While such o c c u r r e n c e s  are r a r e ,  the  p re sence  of f a t t y  acids in 
eggplant  de s e rve s  exposu r e  in the l i t e r a t u r e .  Residue analys ts  
w o r k i n g  with the HECD should now be aware of the p reva lence  of 
such res idues  in both  eggplant  and bananas .  
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