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ABSTRACT

THE CAPILLARY GAS CHROMATOGRAPHIC PROFILING 

OF HUMAN SKIN SURFACE LIPIDS FOR 

FORENSIC APPLICATION

By Linda Arney Wilson

P r o f i l e  a n a l y s i s  has been a p p l i e d  to  the  s tu d y  of 

human s k in  s u r f a c e  l i p i d s  (SSL) to  d e te rm in e  t h e i r  u t i l i t y  

in f o r e n s i c  a p p l i c a t i o n s .  SSL were c o l l e c t e d  from the  

fo rehead  and cheek of  23 v o l u n t e e r s .  A pen tane  e x t r a c t  was 

a na lyzed  by s p l i t  i n j e c t i o n  c a p i l l a r y  gas  chromatography 

(G O .  A 25-meter  long ,  0.2-mm-I.D. BP-5 fu sed  s i l i c a  

c a p i l l a r y  column was programed from 80*C to  260*0 a t  

10*C/min and then  to  290*C a t  3*C/min. The t e m p e ra tu re  was 

h e ld  a t  2 9 0*C f o r  47 minutes f o r  a t o t a l  run  t ime of  75 

m in u te s .

This  t e c h n iq u e  produced very  r e p r o d u c i b l e  p r o f i l e s .

The SSL p r o f i l e s  v a r i e d  from in d iv id u a l  to  i n d iv i d u a l  and 

t h e r e  was a l s o  some v a r i a t i o n  of  an i n d i v i d u a l ' s  p r o f i l e  

over  t im e .  P r o f i l i n g  was a l s o  used to  d e m o n s t r a te  the 

e f f e c t s  of  w ea th e r in g  on a SSL sample . Upon exposure  to  

ambient  l a b o r a t o r y  c o n d i t i o n s ,  the  sample showed s ig n s  of 

d e g r a d a t i o n  with  the  appearance  of  many components e l u t i n g  

e a r l y  in the  chromatogram. The use of  c o s m e t ic s  was shown
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to  in f lu e n c e  the  SSL p r o f i l e  w ith  the  appearance  of  many 

peaks e a r l y  in  the  p r o f i l e .

T r a n s e v a p o r a to r  e x t r a c t i o n / t h e r m a l  d e s o r p t io n  was a l s o  

a p p l i e d  to  SSL samples w i th  prom is ing  r e s u l t s .
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CHAPTER 1 

INTRODUCTION

Gas ch ro m a to g ra p h ic  p r o f i l e  a n a l y s i s  i s  a v e r s a t i l e  

a n a l y t i c a l  t e c h n iq u e  t h a t  has been a p p l i e d  to  a wide 

v a r i e t y  of  samples r a n g in g  from env ironm enta l  p o l l u t a n t s  to  

the  i n v e s t i g a t i o n  o f  R e y e 's  syndrome. Both packed column 

and c a p i l l a r y  column gas  chromatography <GC) have been 

used .  Although c a p i l l a r y  GC o f t e n  y i e l d s  a chromatogram of  

a hundred peaks  or  more, i d e n t i f y i n g  every  component i s  a 

l a b o r i o u s  t a s k  t h a t  i s  o f t e n  u n n e c e s sa ry .  Each chromato­

gram i s  o f t e n  u n iq u e ly  c h a r a c t e r i s t i c  of  the  m a te r i a l  be ing  

a n a ly z e d .  A d e t a i l e d  comparison  of  chromatograms is  

p o s s i b l e  u s in g  r e t e n t i o n  t im es  and e i t h e r  a r e a s  o r  h e ig h t s  

of  the  v a r io u s  p e a k s .  This  comparison of  the " f i n g e r p r i n t "  

p a t t e r n s  of  a chromatogram has been c a l l e d  " p r o f i l e  

a n a l y s i s "  and f r e q u e n t l y  i s  s u f f i c i e n t  to  d i f f e r e n t i a t e  

between c o n t r o l  (known) and s u s p e c t  (unknown) samples .

Only i f  d e t a i l e d  i n f o r m a t io n  about  the samples i s  d e s i r e d ,  

i s  i t  n e c e s s a r y  to  i d e n t i f y  the  peaks r e s p o n s i b l e  f o r  the  

d i f f e r e n c e s  in the  p a t t e r n .

The v o l a t i l e  components of  c e r t a i n  foods have been 

p r o f i l e d  to  y i e l d  i n f o r m a t io n  on v a r io u s  f l a v o r s  and 

f r a g r a n c e s  ( 1 - 2 5 ) .  Many compar isons  of  o r g a n o l e p t i c  

( s e n s o r y )  jta.. i n s t r u m e n t a l  e v a l u a t i o n s  of  f l a v o r s  have 

been made in an a t t e m p t  to  p rov ide  a more o b j e c t i v e
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approach to  f l a v o r  a n a l y s i s .  This i s  most e a s i l y  done by 

s p l i t t i n g  the  e f f l u e n t  from the  GC so t h a t  the  aroma 

c o n t r i b u t i o n  of  each  component can be de te rm ined  by the  use 

of the  human o l f a c t o r y  system a s  a d e t e c t o r  in c o n ju n c t io n  

with  a c o n v e n t io n a l  d e t e c t o r ( i ) .  Obvious ly ,  s in c e  the 

a p p r e c i a t i o n  of  f l a v o r  and aroma i s  a human t r a i t ,  the  

p r o f e s s i o n a l  " t a s t e r "  i s  no t  l i k e l y  to  be c o m p le te ly  

r e p l a c e d  by i n s t r u m e n ta l  t e c h n iq u e s .  Rapp aL* (2)  

d i s c u s s e d  the  im p o r tan t  a s p e c t s  of f l a v o r  a n a l y s i s .  One 

very  im p or tan t  c o n s i d e r a t i o n  i s  t h a t  s e n so ry  r e s p o n se s  vary 

over  s e v e r a l  o r d e r s  o f  magnitude f o r  d i f f e r e n t  compounds, 

meaning t h a t  t r a c e  components may make a f a r  g r e a t e r  

c o n t r i b u t i o n  to  the  f l a v o r  o r  aroma th an  major c o n s t i t ­

u e n t s .  The f l a v o r s  and aromas a re  complex m ix tu res  of 

compounds of a wide range  of  p o l a r i t i e s  which c o m p l ic a te s  

the  a n a l y t i c a l  p r o c e s s .  F i n a l l y ,  the  sampling method must 

y i e l d  a t r u e  r e p r e s e n t a t i o n  of  the  f l a v o r  o r  aroma w i thou t  

the  development of  a r t i f a c t s .  Vitzthum and Werkhoff (3)  

r a t i o e d  t h r e e  components of  c o f f e e  aroma to  p rov ide  an 

index of  f r e s h n e s s  o f  whole o r  ground r o a s t  c o f f e e  beans .  

P a r l im e n t  and S c a r p e l l i n o  (4)  examined b l u e b e r r y  e ssen ce  

p r o f i l e s  to  i d e n t i f y  some of  th e  major components r e s p o n ­

s i b l e  f o r  i t s  c h a r a c t e r i s t i c  f l a v o r .  This  i s  u s e f u l  in the 

p r e p a r a t i o n  of  an a r t i f i c i a l  f l a v o r  w i th  a more n a t u r a l  

t a s t e .  P r o f i l i n g  i s  a l s o  u s e f u l  in d e te rm in in g  the  cause  

of  “o f f - f l a v o r s "  ( 5 , 6 ) .  Moshonas and Shaw (6)  c o l l e c t e d
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e ssence  from o ran g es  t h a t  were h a r v e s t e d  be fo re  and a f t e r  

the  J a n u a r y ,  1982 f r e e z e  in the  s o u t h e a s t e r n  United  S t a t e s .  

GC and o r g a n o l e p t i c  d a t a  were compared. The gas chromato­

g r a p h ic  d a t a  c l e a r l y  showed the  d e t r i m e n t a l  e f f e c t  t h a t  the  

f r e e z e  had on the f l a v o r  of  the  orange e s s e n c e .  They a l s o  

used the  t ec h n iq u e  to  judge the  e f f e c t s  of  v a r i e t y  , 

t e m p era tu re  of  s t o r a g e  and seaso n a l  b le n d in g .  Nordby and 

Nagy (7)  used the  hydroca rbon  p r o f i l e  of sweet o ranges  as 

an i n d i c a t i o n  of  m a t u r i t y .

P r o f i l i n g  has a l s o  been used in the  e v a l u a t i o n  of the  

f l a v o r s  of  wines and o t h e r  a l c o h o l i c  b everages  ( 1 , 2 , 8 , 9 )  

in c lu d in g  c l a s s i f i c a t i o n  by v a r i e t y  ( 1 ,1 0 )  and g e o g ra p h ica l  

o r i g i n  ( 1 0 , 1 1 , 1 2 ) .  This  in fo rm a t io n  i s  then  a p p l i e d  to  the  

r a t i n g  o f  q u a l i t y  and th e  improvement of f l a v o r .  S c h r e i e r  

and R e in e r  (12) used GC p r o f i l i n g  to  d i s t i n g u i s h  cognac 

from b r a n d i e s  and to  d i s t i n g u i s h  between German grape 

brandy and French g rape  brandy .

V a r i e t a l  d i f f e r e n c e s  in mango ( 1 3 ,1 4 ) ,  app le  (1 5 ) ,  

c o f f e e  (16) and o t h e r  f r u i t s  and v e g e ta b le s  (1 7 ,1 8 )  have 

been i n v e s t i g a t e d .  I t  i s  im por tan t  to  be ab le  to  d i s t i n ­

g u i s h  between d i f f e r e n t  v a r i e t i e s  of  c e r t a i n  foods because 

o f t e n  one v a r i e t y  i s  much c h ea p e r  and l e s s  d e s i r a b l e  than  

the  o t h e r .  P r o f i l i n g  y i e l d s  l e s s  s u b j e c t i v e  e v a l u a t i o n s  of  

p ro d u c t  q u a l i t y  and v a r i e t y .  Engel and T r e s s l  (13)  used 

c h ro m a tog raph ic  p r o f i l i n g  of  the  v o l a t i l e  components of  two 

d i f f e r e n t  v a r i e t i e s  o f  mango to  d i s t i n g u i s h  between them
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and to  i d e n t i f y  114 f l a v o r  components .  D igg e rs ,  e t  a l .

(16) were ab le  to  d i f f e r e n t i a t e  between the  two major 

v a r i e t i e s  of c o f f e e  on the  b a s i s  of  t h e i r  GC p r o f i l e s .

This is  important  in the  t a s k  of  b l e n d in g  v a r io u s  c o f f e e s  

t o  produce the  b e s t  p ro d u c t  a t  the  low est  c o s t .  F la v o r  

p r o f i l e s  have a l s o  been used to  d e te rm ine  the  e f f e c t s  of 

ag ing  on f l u e - c u r e d  tob acco  ( 2 6 ) .

F o re n s ic  a p p l i c a t i o n s  of  p r o f i l e  a n a l y s i s  a re  many. 

Lee, gJL al.* (27) o b t a i n e d  p r o f i l e s  of  eng ine  o i l s  such 

t h a t  they  were a b le  to  d i f f e r e n t i a t e  one engine  from 

a n o th e r .  This  would be of  v a lue  in the  i n v e s t i g a t i o n  of 

s t o l e n  au tom obile  p a r t s  o r  " h i t  and run" a c c i d e n t s  in which 

o i l  on the  c l o t h i n g  o f  a v i c t i m  c o u ld  be matched to  the  o i l  

on a s u s p e c t  v e h i c l e .  Levy and Wampler (28)  p r o f i l e d  to n e r  

m a t e r i a l s  from p h o t o c o p i e r s  f o r  use in  q u e s t io n e d  document 

e x a m in a t io n s .  They were a b le  to  e a s i l y  d i f f e r e n t i a t e  

between 9 d i f f e r e n t  t o n e r  sy s te m s .  O the r  f o r e n s i c  

a p p l i c a t i o n s  inc lude  the  c h a r a c t e r i z a t i o n  of  au tom otive  

p a i n t s  ( 2 9 ) ,  v o l a t i l e  a c c e l e r a n t s  in a r s o n  c a s e s  (30)  and 

c o r r e l a t i o n  of samples of  marihuana ( 3 1 , 3 2 ) ,  opium and 

morphine (33)  and h e r o i n  (34)  w i th  t h e i r  r e s p e c t i v e  

o r i g i n s .  Saxberg ,  ££. aL- <35) a p p l i e d  p r o f i l e  a n a l y s i s  

to  the  d e t e c t i o n  of  " c o u n t e r f e i t "  w h i s k i e s .  Some of  the  

l e s s  r e p u t a b le  b a r s  and r e s t a u r a n t s  c u t  c o s t s  by p u t t i n g  

cheap non-Scotch  whiskey in e x p ens iv e  whiskey b o t t l e s  such 

a s  Chivas Regal .  These a u t h o r s  were a b le  to  d i s t i n g u i s h
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between w h isk ie s  o f  d i f f e r e n t  q u a l i t y  bu t  no t  between 

w h isk ie s  of the  same q u a l i t y .

P r o f i l e  a n a l y s i s  has been a p p l i e d  to  the  

i d e n t i f i c a t i o n  of  microorganisms with  v a ry in g  d e g re e s  of 

su c c e s s  ( 3 6 - 4 0 ) .  B lom quis t ,  gi. aL* <36) were a b le  to  

d i f f e r e n t i a t e  between t h r e e  v a r i t i e s  of  the  mold 

P e n ic i l lu m  b u t  warned t h a t  v a r i a b l e s  such as  c u l t i v a t i n g  

medium, d ry in g  tec h n iq u e  and s t r a i n  of  microorganism must 

be s t r i c t l y  c o n t r o l l e d .  Zechman,gi.  aL. (38) p r o f i l e d  

the  v o l a t i l e  m e t a b o l i t e s  of  fou r  b a c t e r i a l  s p e c i e s  and 

found t h a t  th e y  c o u ld  d i f f e r e n t i a t e  two s p e c i e s  from each 

o t h e r  and from the  o t h e r  two. The p r o f i l e s  of the  o t h e r  

two s p e c i e s  were much a l i k e .

B r i l l ,  aL* (41 ,4 2 )  p r o f i l e d  the  c u t i c u l a r  

hydroca rbons  of  the  b lac k  imported f i r e  a n t  in o r d e r  to  

de te rm ine  whether  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  

between the  p r o f i l e s  of d i f f e r e n t  c o l o n i e s .  D i s t i n c t  

d i f f e r e n c e s  between the  p r o f i l e s  of d i f f e r e n t  c o l o n i e s  led  

the  a u th o r s  to  s p e c u l a t e  t h a t  th e s e  compounds may be 

invo lved  in co lony  r e c o g n i t i o n  s in c e  they  a re  known to be 

invo lved  in i n s e c t  communication.

The s tu d y  of  p o l l u t i o n  in i t s  many forms has invo lved  

p r o f i l e  a n a l y s i s .  Dunn, a t  ai.» (43) have i n v e s t i g a t e d  

p o l y c h l o r i n a t e d  b ip h e n y l s  (PCB's)  in  env iro n m en ta l  samples,  

D re isch  and Munson (44) p r e s e n t e d  e x t e n s i v e  i n fo rm a t io n  on 

the  use of  purge and t r a p  sampling of  c e r t a i n  p r i o r i t y
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p o l l u t a n t  o r g a n ic  compounds coup led  w i th  p r o f i l e  a n a l y s i s  

knd gas chromatography/mass s p e c t r o m e t r y  (GC/HS). In  a 

s i m i l a r  a p p l i c a t i o n ,  Dowty, gJL aL* (45) found 13 

h a lo g e n a ted  hydrocarbons  in New O r leans  d r i n k i n g  w a te r  and 

f iv e  in blood p lasma.  B e r t s c h ,  £1. âl.* (46)  i d e n t i f i e d  

more than  one hundred o r g a n ic  compounds in t h e i r  s tu dy  of 

a i r  p o l l u t i o n  and found t h a t  the  a i r  p o l l u t i o n  p r o f i l e s  

v a r i e d  on ly  in q u a n t i t a t i v e  amounts over  an e igh teen -m o n th  

p e r i o d .  The f i n g e r p r i n t i n g  of hydroca rbon  p o l l u t a n t s  and 

crude o i l  s p i l l s  i s  a complex t a s k ,  p r i m a r i l y  due to  

w e a th e r ing  ( d e g r a d a t i o n  of  the  sample due to  exposure  to  

the  e n v i ro n m en t ) .  J e l t e s  (47) used the  h i g h e r  b o i l i n g  

f r a c t i o n  to  l i m i t  the  e f f e c t s  of  w e a th e r in g .  He was ab le  

to  i d e n t i f y  the  b a s i c  type of  p o l l u t a n t  such as  m inera l  o i l  

g a s o l i n e ,  f a t t y  o i l ,  e t c .  Kawahara (48) used a com binat ion  

of  GC p r o f i l e s  and i n f r a r e d  s p e c t r o s c o p y  to  i d e n t i f y  the  

type and source  of  p o l l u t i o n  of r e s i d u a l  fu e l  o i l s .  Other  

workers (4 9 ,5 0 ,5 1 )  were a b le  to  c l a s s i f y  c rude  o i l s  

a c c o rd in g  to  t h e i r  g e o g ra p h ic a l  o r i g i n .  Trace q u a n t i t i e s  

of pe tro leum  type  p o l l u t a n t s  have been i n v e s t i g a t e d  in 

marine sed im ents  (52)  and in o y s t e r  and mussel ( 5 3 ) ,  the 

l a t t e r  be ing  used a s  an index of  o i l  p o l l u t i o n .  O ther  

a p p l i c a t i o n s  of  p r o f i l i n g  inc lude  the  c h a r a c t e r i z a t i o n  of 

c i g a r e t t e  smoke ( 5 4 ) ,  mouth odor (55) and polymers (5 6 ) .

P r o f i l i n g  has been e x t e n s i v e l y  a p p l i e d  to  the  s tudy  

and d i a g n o s i s  of d i s e a s e s  and m e ta b o l i c  d i s o r d e r s  which has
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c o l l e c t i v e l y  been c a l l e d  "m etabo l ic  p r o f i l i n g "  (5 7 -1 3 0 ) .

The a r e a  o f  m e ta b o l i c  p r o f i l i n g  was p io n ee red  by Horning 

( 5 7 , 6 5 ) ,  Z l a t k i s  and L ie b ic h  ( 5 8 ) ,  Je l lu m  (60) and P a u l in g  

( 6 1 ) .  Je l lu m  (131) and Gates  and Sweeley (132) have 

w r i t t e n  e x c e l l e n t  r ev iew s  on m etabo l ic  p r o f i l i n g .  L ie b ic h  

(133) has  e x t e n s i v e l y  rev iewed the  use of GC/MS in c l i n i c a l  

c h e m is t r y .  Je l lu m  has made major c o n t r i b u t i o n s  in the

a r e a  of  m e tab o l ic  p r o f i l i n g  and he e f f e c t i v e l y  sums up the

o p e r a t i n g  p r i n c i p l e s  involved  in t h i s  a r e a  of medicine and 

r e s e a r c h :

One of  th e  t r e n d s  in modern b iom ed ic ine  i s  
the  i n c r e a s i n g  u n d e rs t a n d in g  t h a t  many, i f  no t  
a l l ,  d i s e a s e s  may be l in k e d  in some way w i th  
d e v i a t i o n s  from, o r  a l t e r a t i o n s  in ,  one o r  more 
of  the  s e v e r a l  thousand  chemical  r e a c t i o n s  t h a t  
n o rm al ly  tak e  p la c e  in s id e  the  c e l l s  and body.
I t  does no t  seem unreasonab le  to  assume t h a t  i f
one were a b le  to  i d e n t i f y  and de te rm ine  the
c o n c e n t r a t i o n s  of a l l  compounds i n s id e  the  human 
body, in c lu d in g  bo th  h ig h -  and low -m o le cu la r -  
weight  s u b s t a n c e s ,  one would p ro bab ly  f i n d  t h a t  
a lm os t  e v e ry  known d i s e a s e  would r e s u l t  in 
c h a r a c t e r i s t i c  changes in the  b iochem ica l  
c o m p o s i t io n  o f  the  c e l l s  and of the  body f l u i d s .
Such a " t o t a l "  a n a l y s i s  i s ,  of  c o u r s e ,  im poss ib le  
to  c a r r y  out  a t  p r e s e n t .  However, the  p rom is ing  
r e s u l t s  a c h ie v e d  d u r in g  the  l a s t  few y e a r s  have 
s u b s t a n t i a t e d  the  importance of  mult icomponent 
a n a l y s e s .  Chromatographic  p r o f i l i n g  of th e  body 
f l u i d s  in p a r t i c u l a r  has been u s e f u l  bo th  fo r  
d i a g n o s t i c  p u rp o se s  and fo r  o b t a i n i n g  new 
in fo rm a t io n  abo u t  the  b iochem ica l  r e a c t i o n s  t h a t  
t a k e  p lac e  i n s i d e  the  body in h e a l t h y  and 
d i s e a s e d  s t a t e s  (131) .

Since  i t  i s  c u r r e n t l y  im poss ib le  to  o b t a i n  a p r o f i l e  

of a l l  c o n s t i t u e n t s  in a b i o l o g i c a l  f l u i d  o r  t i s s u e ,  most 

a n a l y s t s  choose  to  p r o f i l e  a s e l e c t  c l a s s  of  s u b s t a n c e s .
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such a s  o r g a n ic  a c i d s  ( 5 7 , 5 9 , 6 3 , 6 5 , 6 6 , 6 7 , 7 6 , 7 8 , 8 0 , 8 4 ,  

8 6 ,8 7 ,9 5 ,  1 0 1 ,1 0 3 ,1 0 4 ,1 0 5 ,1 0 7 ,1 0 9 ,1 1 1 ,  114, 116-120,129) ,  

a l c o h o l s  < 6 2 ,8 8 ,1 0 7 ,1 1 5 ,  119),  s t e r o i d s  ( 5 9 ,6 5 ,6 9 ,7 1 ,  

8 3 ,9 2 ,9 4 ,9 7 ,1 0 0 ,1 2 8 ) ,  k e to n e s  ( 9 0 ,9 8 ,1 0 7 ,1 1 5 ) ,  

c a r b o h y d r a te s  ( 6 5 , 7 2 ,1 0 7 , 1 1 1 , 1 1 6 ) ,  amines (8 5 ,1 0 7 ) ,  or 

v o l a t i l e s  ( 5 8 , 6 1 , 6 2 , 6 8 , 7 0 , 7 3 , 7 4 , 7 5 , 7 7 , 8 1 , 8 2 , 9 1 , 9 3 , 9 6 , 9 8 ,  

1 0 2 ,1 0 6 ,1 0 7 ,1 0 8 ,1 1 5 ,1 2 1 -1 2 7 ) .  Much work has been done on 

d i a b e t e s  ( 6 2 ,7 4 , 8 4 ,8 6 ,8 8 ,9 6 ,9 8 ,1 0 5 ,1 0 6 ,1 1 5 ,1 2 1 - 1 2 4 ,1 2 6 ,

127). In a d d i t i o n ,  the  t e c h n iq u e  has been a p p l i e d  to  maple 

syrup  u r in e  d i s e a s e  ( 1 1 1 ,1 1 4 ) ,  b a c t e r i a l  or  v i r a l  

i n f e c t i o n s  ( 7 9 , 9 1 , 9 6 ,1 1 3 , 1 2 2 ) ,  s c h i s t o s o m i a s i s  (130) ,  

rheum ato id  a r t h r i t i s  ( 6 6 ) ,  c a t a r a c t s  ( 7 2 ) ,  r e n a l  

i n s u f f i c i e n c y  ( 7 3 ) ,  A lz h e im e r ' s  d i s e a s e  ( 8 5 ) ,  R eye 's  

syndrome ( 8 7 ) ,  c a n c e r  (92 ,  9 8 ,1 1 6 ) ,  s t r o k e  (1 0 4 ) ,  c y s t i c  

f i b r o s i s  (1 1 0 ) ,  h e r e d i t a r y  p r o g r e s s i v e  l o s s  of h e a r in g  

( i l l ) ,  male i n f e r t i l i t y  (1 1 1 ) ,  c i r r h o s i s  of the  l i v e r  (118) 

and many o t h e r s .

In m e ta b o l i c  p r o f i l i n g ,  the  i d e n t i f i c a t i o n  of  abnormal 

peaks (o r  absence  o f  a normal peak) may le a d  to  a b e t t e r  

u n d e rs t a n d in g  o f  th e  d i s o r d e r  and pe rhaps  to  improved 

methods of t r e a t m e n t .  I t  may a l s o  be used in the  d i a g n o s i s  

of  p a r t i c u l a r  d i s o r d e r s .  J e l lu m ,  al.* (107 ,112)  have 

e s t a b l i s h e d  a r o u t i n e  s c r e e n i n g  p rocedure  in v o lv in g  s e v e r a l  

e x t r a c t i o n s  and d e r i v a t i z a t i o n s ,  e i g h t  d i f f e r e n t  gas 

ch rom atog raph ic  s y s te m s ,  mass s p e c t r o m e t r y  and a small  

computer .  With t h i s  sys tem th ey  a re  a b le  to  d iagnose  about
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40 m e tab o l ic  d i s o r d e r s  and have d i s c o v e r e d  a t  l e a s t  fou r  

new ones (1 0 7 ) .  They i n v e s t i g a t e d  the  u r i n a r y  o r g a n ic  

a c i d s  of a l a r g e  fam i ly  in Norway s u f f e r i n g  from h e r e d i t a r y  

p r o g r e s s i v e  l o s s  o f  h e a r i n g .  This  d i s o r d e r  r e s u l t s  in 

d e a f n e s s  a t  the  age o f  30-40 y e a r s .  They found t h a t  the  

p a t i e n t s  had accum ula ted  l a r g e  amounts o f  3 - m e th y lc r o to n y l -  

g ly c in e  and 3 - h y d r o x y i s o v a l e r i c  a c i d  which a re  

i n t e r m e d i a t e s  in the  metabolism of  l e u c i n e ,  su g g e s t i n g  

impaired a c t i v i t y  o f  the  enzyme, 3 -methylcro tonyl-CoA 

c a rb o x y la s e  ( i l l ) .  I n c i d e n t a l l y ,  the  p a t i e n t s  had no o t h e r  

c l i n i c a l  symptoms. The a u th o r s  had no t  a t  t h a t  time proven 

t h a t  t h i s  enzyme d e f e c t  i s  the  cause of  d e a f n e s s .

J u s t  a s  J e l l u m ' s  r e s e a r c h  group have i n v e s t i g a t e d  

o r g a n ic  a c i d s ,  Z l a t k i s  and h i s  group have s t u d i e d  the  

r e l a t i o n s h i p  between o r g a n ic  v o l a t i l e  compounds and v a r io u s  

d i s o r d e r s .  In one s tu d y  (1 2 2 ) ,  they  were a b le  to  use serum 

v o l a t i l e s  in the  c l a s s i f i c a t i o n  of  normal and v i r u s  

i n f e c t e d  serum a t  a su c c e s s  r a t e  of  more than  85%. They 

a l s o  i n d i c a t e  t h a t  th e  same method may be a p o s s i b l e  means 

of  a s s e s s i n g  v i r u s  s u s c e p t i b i l i t y .

Ng, a i,  aL. (S?)  r e p o r t  the  i d e n t i f i c a t i o n  of  long 

c h a in  d i c a r b o x y l i c  a c i d s  no t  p r e v i o u s l y  r e p o r t e d  in 

a s s o c i a t i o n  w i th  R e y e 's  Syndrome. They s t a t e  t h a t  f u r t h e r  

i n v e s t i g a t i o n  i s  n e c e s s a r y  to  de te rm ine  whether  t h i s  i s  

s p e c i f i c  f o r  R e y e 's  Syndrome o r  accompanies seve re  

m i to c h o n d r ia l  d i s e a s e .
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J e l lu m ,  s i .  âi.* (116) p r o f i l e d  t i s s u e  e x t r a c t s  from 

b r a i n  b i o p s i e s  In o r d e r  to  c l a s s i f y  the  t i s s u e  as  normal 

b r a i n  t i s s u e ,  p i t u i t a r y  tumors o r  " b ra in "  tumors .  The 

components p r o f i l e d  inc lude  f a t t y  a c i d s ,  c a r b o h y d r a t e s ,  

amino a c i d s  and c h o l e s t e r o l .  They were a b le  to  d i s t i n g u i s h  

between normal t i s s u e  and tumors bu t  were not  a b le  to  

c l a s s i f y  the  tumors a c c o rd in g  to  ty p e .

Ja k o b s ,  s i  ai.* (114) u t i l i z e d  c a p i l l a r y  GC f o r  the 

f i r s t  time in the  i n v e s t i g a t i o n  of  maple sy rup  u r ine  

d i s e a s e  (MSUD). T h is  i s  a th o ro u g h ly  i n v e s t i g a t e d  

m e tabo l ic  d i s o r d e r  which i s  c h a r a c t e r i z e d  by the  p a t i e n t s  

hav ing  a d i s t i n c t i v e  odor of  maple syrup  and in c re a s e d  

u r i n a r y  e x c r e t i o n  o f  c e r t a i n  2 -k e to  and 2-hydroxy a c i d s  as  

well  a s  many o t h e r  o r g a n i c  a c i d s .  These a u th o r s  r e p o r t  the  

i d e n t i f i c a t i o n  of  a p r e v i o u s l y  u n re p o r t e d  m e t a b o l i t e ,  

2 - h y d r o x y i s o b u t y r i c  a c i d ,  in a s s o c i a t i o n  w i th  MSUD.

Sample p r e p a r a t i o n  t e c h n iq u e s  vary  a c c o rd in g  to  the 

c l a s s  of component under  s tu d y  and the  type  of sample .  

E x t r a c t i o n  w i th  o r g a n i c  s o l v e n t s  and i n j e c t i o n  of the 

c o n c e n t r a t e  i s  a f r e q u e n t l y  used method ( 8 , 2 0 ,3 0 , 3 1 , 3 4 ,  

3 6 , 4 5 , 4 8 , 5 3 , 6 4 , 7 3 , 7 5 , 9 0 ) .  Some workers have used d i r e c t  

i n j e c t i o n  of  headspace  samples in s tu d y in g  the  more 

v o l a t i l e  components ( 1 3 , 1 4 , 1 5 , 1 7 , 2 2 , 3 2 , 3 8 , 6 2 , 7 1 , 7 9 ) ,  o t h e r s  

have c o n c e n t r a t e d  t h e  headspace  components on g l a s s  wool or  

on a porous polymer such  a s  Tenax o r  Porapak Q with  

subsequen t  therm al  d e s o r p t i o n  i n to  a c o ld  t r a p  precolumn
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and then  in to  the  a n a l y t i c a l  column ( 1 8 ,2 1 , 2 5 ,4 4 , 4 5 , 4 6 ,  

5 5 , 6 8 , 7 0 ,7 3 ,8 1 , 8 2 , 8 8 ,1 0 6 ,1 1 5 ,1 2 1 ,1 2 3 ,1 2 4 ) .  B r e t t e l l  and 

Grob have w r i t t e n  an e x c e l l e n t  review on c r y o f o c u s ln g  and 

c ry o g e n ic  t r a p p in g  (1 3 5 ) .  The a n a l y s i s  of  o r g a n ic  a c i d s  or  

s t e r o i d s  r e q u i r e  p r o t e i n  p r e c i p i t a t i o n ,  e x t r a c t i o n ,  

d e r l v a t l z a t l o n ,  c o n c e n t r a t i o n  and then  I n j e c t i o n  onto  the 

a n a l y t i c a l  column ( 5 9 , 6 0 , 6 5 , 6 6 , 6 7 , 6 9 , 7 1 , 7 6 , 7 8 , 8 0 , 8 3 , 8 7 ,  

9 2 ,9 4 ,9 5 ,9 7 ,1 0 0 ,1 0 1 ,1 0 3 - 1 0 5 ,1 0 7 ,1 0 9 ,1 1 1 ,1 1 3 ,1 1 4 ,1 1 6 - 1 1 8 ) .  

P y r o l y s i s  Is  o f t e n  used to  s tu d y  macro-molecules  such as  

polymers (56) the  c l a s s i f i c a t i o n  of  fungi  (3 6 ,3 7 )  b a c t e r i a  

(1 3 6 ) ,  the  d e t e c t i o n  of  c y s t i c  f i b r o s i s  h e t e r o z y g o t e s  (110) 

the  f o r e n s i c  e xam in a t io n  of  p h o to c o p ie r  t o n e r  (28) and 

au tom ot ive  p a i n t s  ( 2 9 ) .  Most of  th e s e  methods r e q u i r e  

samples of  5 to  50 mL. Z l a t k l s  and c o -w o rk e r s ,  ( 6 2 ,7 4 ,9 1 ,  

9 6 ,9 8 ,1 0 2 ,1 2 2 ,1 2 5 )  have deve loped  a method f o r  headspace  

a n d /o r  e x t r a c t i o n  of  samples of 50-100 m l c r o l I t e r s  u s in g  an 

a p p a r a t u s  t h a t  th ey  deve loped  and c a l l  a " t r a n s e v a p o r a t o r . "  

They have a l s o  deve loped  a method of  on-column I n j e c t i o n  of 

l a r g e  l i q u i d  samples ( 6 4 ,9 9 ) .  J e n n in g s ,  g i  jLL* (137) 

rev iewed sample I n j e c t i o n  In GC.

A n a ly s i s  of  the  d a t a  t a k e s  many forms.  The s im p le s t  

Is  the  v i s u a l  ex am in a t io n  of  the  chromatogram, comparing 

peak h e i g h t s  and r e t e n t i o n  t im e s .  For obvious  and major 

d i f f e r e n c e s  in the  p r o f i l e s ,  manual p a t t e r n  a n a l y s i s  Is 

s u f f i c i e n t .  However, f o r  s u b t l e  d i f f e r e n c e s  In the  

p a t t e r n s ,  p a r t i c u l a r l y  In m e tab o l ic  p r o f i l i n g ,  the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12

a p p l i c a t i o n  of  p a t t e r n  r e c o g n i t i o n  i s  n e c e s s a r y .  Seve ra l  

p a t t e r n  r e c o g n i t i o n  computer  programs have been developed 

and u t i l i z e d  ( 4 1 ,4 2 ,4 3 ,4 9 ,1 1 0 .1 2 1 ,1 3 8 - 1 4 5 ) .  Varmuza (139) 

and Albano, s i  aL* (145) have in c lu d ed  a d i s c u s s i o n  and 

rev iew  of  p a t t e r n  r e c o g n i t i o n  t e c h n i q u e s .

Human s k in  o i l s  have been e x t e n s i v e l y  a n a ly z e d .  

G e n e r a l ly  r e f e r r e d  to  a s  human s k i n  s u r f a c e  l i p i d s  (SSL), 

th ey  a re  a very  complex mixture  which i s  composed of 11-13% 

s q u a le n e ,  20-22% wax e s t e r s ,  2-3% s t e r o l  e s t e r s ,  30-33% 

f r e e  f a t t y  a c i d s ,  1-2% s t e r o l s  and 29-32% g l y c e r i d e s  (146) .  

SSL a re  s y n t h e s i z e d  in the  s k i n ,  the  major  p a r t  o r i g i n a t i n g  

in the  sebaceous g la n d s  with  a small  q u a n t i t y  be ing  

produced by the  s t r a tu m  corneum c e l l s  of  the  e p id e r m is .  

S i x t y  p e rc e n t  of human sebum i s  composed of t r i a c y l  

g l y c e r o l s ,  p a r t  of  which a re  th en  h yd ro ly ze d  in the  g land  

d u c t s  and on the s k i n  s u r f a c e  to  produce f r e e  f a t t y  a c i d s ,  

g l y c e r o l ,  and mono- and d i a c y l  g l y c e r o l s .  The f a t t y  a c id s  

and g l y c e r i d e s  e x i s t  in g r e a t  v a r i e t y  in the  SSL; some 200 

s p e c i e s  more than  in the  body t i s s u e s  (1 4 7 ) .

Downing (148) and Gloor (149) have rev iew ed  the  

a n a l y s i s  of sebum and SSL. T h i n - l a y e r  chromatography (TLC) 

has been used to  f r a c t i o n a t e  and q u a n t i t a t e  the  major 

c l a s s e s  of components of  SSL. The f r a c t i o n s  o b t a i n e d  by 

p r e p a r a t i v e  TLC have been s t u d i e d  by GC ( 1 4 6 ,1 5 0 ,1 5 1 ,1 5 2 ) .  

B o n l f o r t i ,  £1. ai, . (152) examined the  f r e e  f a t t y  a c i d  

f r a c t i o n  and the  f a t t y  a c i d s  of the  t r i g l y c e r i d e  f r a c t i o n
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f o r  two s u b j e c t s  over  a 6-7 week p e r i o d .  They i d e n t i f i e d  

the  f a t t y  a c i d s  by the  number of carbon  atoms and found 

t h a t  the  p e r c e n t  of  c e r t a i n  f a t t y  a c i d s  v a r i e d  from week to  

week f o r  each  of the  s u b j e c t s .  Green, e t  a l . (150) a n a ly ze d  

the  f a t t y  a c i d s  of the  wax e s t e r  f r a c t i o n  t aken  from t e n  

s u b j e c t s  over  an e ig h t -w eek  p e r i o d .  They found t h a t  the  

s u b j e c t s  m a in ta in ed  e s s e n t i a l l y  the  same f a t t y  a c i d  

co m p o s i t io n  over  the  t e s t  p e r io d  and t h a t  l a r g e  d i f f e r e n c e s  

were seen  between s u b j e c t s .  They f e e l  t h a t  t h i s  d i f f e r e n c e  

may be the  b a s i s  f o r  o l f a c t o r y  r e c o g n i t i o n  of  i n d i v i d u a l s  

by a n im a ls  w i th  a keen sense  of  s m e l l .  I n v e s t i g a t o r s  

u s u a l l y  p re p a re  d e r i v a t i v e s  of  the  l i p i d  f r a c t i o n s  b e fo re  

GC; b u t ,  Goetz ,  e t  a l .  (146) dem ons t ra ted  t h a t  th e  l i p i d  

e x t r a c t  c o u ld  be a n a ly ze d  w i thou t  p r i o r  d e r i v a t i z a t i o n  on 

an OV-i c a p i l l a r y  column. This  y i e ld e d  a  complex 

chromatogram in which the a u th o r s  showed the  e l u t i o n  ran g e s  

of  the  d i f f e r e n t  f r a c t i o n s .  Wolff (151) i n v e s t i g a t e d  the  

use o f  SSL a s  a non in vas iv e  t echn ique  to  e s t i m a t e  the  human 

body burden of  p e r s i s t e n t  h a lo g e n a te d  h y d ro c a rb o n s .  For 

2 , 2 - b i s ( 4 - c h l o r o p h e n y l ) - i , i - d i c h l o r o e t h e n e  (p,p*-DDE), t h i s  

te c h n iq u e  y i e l d e d  r e s u l t s  comparable to  a d ip o s e  t i s s u e  or  

serum. I t  was l e s s  s u c c e s s f u l  f o r  o t h e r  compounds e x i s t i n g  

a t  lower c o n c e n t r a t i o n s .

Sampling t e c h n iq u e s  vary  from a b so rb in g  the  l i p i d s  

onto  c i g a r e t t e  p ape r  (151) to  p l a c in g  a s o l v e n t  in c o n t a c t  

w i th  the  s k in  (1 5 2 ) ,  r i n s i n g  the  h a i r  w i th  e th a n o l  (150) o r
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d e p o s i t i o n  on ground g l a s s  p l a t e l e t s  (1 4 6 ) .  The 

co m p os i t io n  o f  the  r e s u l t i n g  sample depends upon the  

sam pling  method due to  the  d i f f e r i n g  e x t r a c t i o n s  of  l i p i d s  

from the  e p id e r m i s ,  the  sk in  s u r f a c e  and from the  sebaceous 

g lan d  s e c r e t o r y  d u c t s  (1 49 ) .  The q u a n t i t y  of  SSL v a r i e s  

over  the  human body, w i th  the  g r e a t e r  amounts be ing  found 

on the  fo reh e ad  and s c a l p  (1 49 ) .

A n a ly s i s  of  SSL c o u ld  be of  value  in f o r e n s i c  a p p l i ­

c a t i o n s .  A g e n e r a l  premise  in f o r e n s i c  s c ie n c e  i s  t h a t  

“ . . . e v e ry  c o n t a c t  l e a v e s  i t s  t r a c e "  (1 5 3 ) .  This 

s t a t e m e n t  i s  known a s  the  Locard exchange p r i n c i p l e  from 

the  c o n t r i b u t i o n s  o f  Edmond Locard (1877-1966) (1 5 4 ) .  Paul 

L. Kirk (1902-1 97 0 X 15 4 )  has s t a t e d  " I t  i s  v i r t u a l l y  

im poss ib le  f o r  a c r i m in a l  to  commit a crime w i th o u t  l e a v in g  

e v id en ce  beh ind  and c a r r y i n g  ev idence  away with  him" (153) .  

Evidence of  t h i s  n a t u r e  i s  c a l l e d  t r a c e  e v id e n c e .  As i t s  

name i m p l i e s ,  t h i s  ev idence  e x i s t s  in sm a l l ,  o f t e n  

m ic r o s c o p ic ,  q u a n t i t i e s .

In a ca se  in which a v ic t im  i s  a s s a u l t e d  by an 

a t t a c k e r ,  t h e r e  i s  th e  o p p o r t u n i t y  f o r  the  exchange of 

t r a c e  e v idence  t h a t  may l a t e r  be used to  l i n k  the  a s s a i l a n t  

t o  th e  scene  of  th e  c r im e .  In  such a s i t u a t i o n ,  t h e r e  may 

be the  o p p o r t u n i t y  f o r  SSL to  be t r a n s f e r r e d  from the  face 

of  one t o  the  c l o t h i n g  of the  o t h e r .

The a u t h o r ' s  background in f o r e n s i c  sc i e n c e  coupled  

w i th  an i n t e r e s t  in  p r o f i l e  a n a l y s i s  and the  r e s u l t s  of
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Green (150) led  to  the  h y p o th e s i s  t h a t  SSL may produce a

p r o f i l e  t h a t  i s  c h a r a c t e r i s t i c  of  an i n d i v i d u a l .  No

r e f e r e n c e  of  the  p r o f i l i n g  of SSL was found in  the  c u r r e n t

l i t e r a t u r e .  To t h i s  end, samples from 23 s u b j e c t s  were

examined. This work focused  on dev e lo p in g  a sampling 

method t h a t  would most n e a r l y  approximate  t h a t  which would 

o ccur  d u r in g  the  commission of  a crime and on d e te rm in in g  

whether  a s imple  s o l v e n t  e x t r a c t  w ith  no d e r i v a t i z a t i o n  or  

f r a c t i o n a t i o n  c o u ld  y i e l d  s u i t a b l e  i n d iv id u a l  p r o f i l e s .  In 

a d d i t i o n ,  the  use of  the  t r a n s e v a p o r a t o r  in c o n ju n c t i o n  

w i th  therm al  d e s o r p t i o n  was i n v e s t i g a t e d  with  the  i n t e n t  of 

i n c r e a s in g  the  s e n s i t i v i t y  of  the  method to  be a b le  to  

a n a lyze  the  t r a c e  q u a n t i t i e s  o f t e n  en co u n te re d  in f o r e n s i c  

c a s e s .
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CHAPTER 2 

METHODS AND MATERIALS

For c l a r i t y ,  th e  d i s c u s s i o n  of  methodology i s  d iv id e d  

in to  fo u r  s e c t i o n s :  A. sample c o l l e c t i o n ,  B. a n a l y s i s  by 

s p l i t  i n j e c t i o n ,  C. computer  a n a l y s i s  of  d a t a  and 

D. t r a n s e v a p o r a t o r  sam pling  method.

Sample C o l l e c t i o n  

Sk in  s u r f a c e  l i p i d  (SSL) samples were c o l l e c t e d  from 

23 v o l u n t e e r s .  F i r s t ,  the  v o l u n t e e r s  were g iven  an a lcoh o l  

swab to  remove any c o n ta m in a n ts  from the  to uch in g  s u r f a c e s  

of  t h e i r  f i n g e r s .  Next ,  they  were p ro v id ed  with  one - inch  

s q u a r e s  of  "Kimwipe" ( t rad em ark  of  K im ber ly -C la rk )  t i s s u e  

and i n s t r u c t e d  to  wipe t h e i r  fo rehead  ( o r  cheek)  so as  to  

s a t u r a t e  the  t i s s u e  w i th  as  much s k in  o i l  a s  p o s s i b l e .

They th e n  p l a c e d  the  samples in i n d i v i d u a l ,  l a b e l e d ,  

two-dram g l a s s  v i a l s  w i th  f o i l  l i n e d  screw c a p s .  The 

samples were s t o r e d  a t  6 ■'•‘C in a r e f r i g e r a t o r  u n t i l  

a n a ly z e d .  Samples were t ak en  from th e s e  v o l u n te e r s  on two 

o c c a s io n s  ove r  a t ime p e r i o d  of e i g h t  days in o r d e r  to  

e s t a b l i s h  the  s h o r t  term v a r i a b i l i t y  of an i n d i v i d u a l ' s  SSL 

p r o f i l e .

16
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A n a ly s i s  bv S p l i t  I n j e c t i o n

I n s t r u m e n t a t i o n  and C o nd i t io n s

Analyses were conducted  u t i l i z i n g  a Var lan  V is t a  6000

c a p i l l a r y  gas chromatograph (GC) which was f i t t e d  with  a

“s p l I t / s p l i t l e s s "  c a p i l l a r y  i n j e c t o r  and a flame i o n i z a t i o n

d e t e c t o r  (FID).  S e p a r a t io n s  were c a r r i e d  ou t  on a BP-5

( S c i e n t i f i c  G lass  and E n g in e e r in g —SGE) fused  s i l i c a

c a p i l l a r y  column, 25 m x 0 .2  mm I .D .  Helium was used as

the  c a r r i e r  gas w i th  a head p r e s s u r e  of  32 p s i g  and a flow

of 1.6 mL/mln. N i t ro g en  was used a s  the  d e t e c t o r  make-up

gas to  o b t a i n  a flow of 30 mL/mln th ro ug h  the  d e t e c t o r .

A ir  and hydrogen were used as  the  flame g a se s  w i th  flows of

300 and 30 mL/mln r e s p e c t i v e l y .  The FID t e m p era tu re  was
- 1  23 4 0 'C w i th  a range  o f  10 and an a t t e n u a t i o n  of  64.  The 

b a f f l e  g l a s s  I n s e r t  was used in the  I n j e c t o r  In the  s p l i t  

mode. The I n j e c t o r  tem p era tu re  was 250*C and the  s p l i t  

r a t i o  was 4 2 :1 .  The i n i t i a l  column t e m p e ra tu re  was 80*0. 

Upon i n j e c t i o n ,  the  tem p era tu re  was programed to  260*0 a t  

10*0/mln and th en  to  290*0 a t  3*0/mln th e  t e m p e ra tu re  was 

h e ld  a t  290*0 f o r  47 minutes  f o r  a t o t a l  ru n  time of  75 

m in u te s .  A f t e r  the  com p le t io n  of  the  run  the  column 

tem p era tu re  was h e ld  a t  290*0 f o r  an a d d i t i o n a l  18 minutes  

to  purge the  r em ain ing  sample from the  column.

Data c o l l e c t i o n  was perform ed by a P e rk ln -E lm er  Model 

LOI-lOO i n t e g r a t o r  which t r a n s m i t t e d  the  d a t a  to  a 

P e rk ln -E lm er  Model 7500 l a b o r a t o r y  computer  where the  d a ta

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



18

was a na lyzed  and s t o r e d .  The 7500 was loaded with  

Chromatographies  I I I  (P e rk ln -E lm e r ,  V ers ion  2 .0 )  so f tw are  

f o r  d a ta  a c q u i s i t i o n ,  a n a l y s i s ,  and s t o r a g e .  F igure  1 i s  a 

computer  p r i n t o u t  o f  the  p a ra m e te r s  of the  method used to  

a c q u i r e  d a t a .  An a p p r o p r i a t e  method can be g e n e r a t e d  fo r  

each type of  a n a l y s i s .

A dso rben ts .  R eag en ts ,  and M a t e r i a l s

"Kimwipe" was chosen  as  the  c o l l e c t i n g  medium because  

a  pen tane  e x t r a c t  of  "Kimwipe" y i e l d e d  a very  c l e a n  b lank 

(F ig u re  2 ) .  Whatman #1 f i l t e r  p a p e r  was a l s o  i n v e s t i g a t e d  

bu t  i t  showed the  p re s e n c e  of  c o n ta m in a n ts  a t  the  

c o n c e n t r a t i o n  l e v e l  b e in g  s t u d i e d .  Pentane  (Burdick  and 

Ja ck so n ,  h igh  p u r i t y )  was used as  r e c e i v e d .  Two-dram g l a s s  

v i a l s  w i th  f o i l - l i n e d  screw caps  (Wheaton, Supe lco)  d id  not  

show the p resence  of  c o n ta m in a n ts  and were no t  s u b j e c t e d  to  

f u r t h e r  c l e a n i n g .

Sample P r e p a r a t i o n

The one i n c h - s q u a r e s  o f  “Kimwipe" c o n t a i n i n g  the  SSL 

samples were c u t  i n to  s e v e r a l  s t r i p s  a p p ro x im a te ly  4 mm x 

2 .5  cm. Two s t r i p s  were p l a c e d  in two-dram g l a s s  v i a l s  to  

which was added 200 uL of pen tane  and the  f o i l  l i n e d  cap 

screwed on t i g h t l y .  A f t e r  a p p ro x im a te ly  15 minutes  of  

o c c a s io n a l  a g i t a t i o n  the  samples were ready  f o r  a n a l y s i s .
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F igu re  1. Computer P r i n t o u t  of Data A c q i u s i t i o n  P a ram e te rs
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2 0

METHOD# Zi

CREATED
AUTHOR
LAST MODI FI ED 
COLUMN

Wilso n skoil I 
LCI-IOO/BFS/
S a t  Ap r  I P  1 6 : 1 4 : 4 2  1 786
L . W i l s o n
S a t  Apr  26  10 : 53 : 32 1 9 8 6  
BP - 5  25m . Zmmi d

T h i s  m s t h o d  i s  d e s i g n e d  l o r  t h e  a c q u i s i t i o n  o I  d a t a  f r o m  t h e  V a r i a n  V i s t a  6 0 0 0  
CC v i a  t h e  L C I - 1 0 0 .  T h e  L C I - l O O  w i l l  p r o v i d e  a r e a l  t i m e  p l o t  o n l y  i f  o n e  
e n t e r s  t h e  n e c e s s a r y  i t e m s  o n  t h e  p l o t t e r  c o n t r o l  p a g e .

DATA HANDLING CHANNEL A

Me t h o d  
T y p e  

CC

C a l c u l a t i o n
T y p e

NORMAL

P e a k  
Da t a
AREA

C a l i b r a t i o n
S e q u e n c e *

0

DATA STORAGE
S t a r t

T i m e
0 . 0 0 0

End 
T i  me 

7 5 . 0 0 0

P e a k  W i d t h  
a t  B a s e

2 . 5  -  6 . 5

PEAK I NTEGRATI ON 
L o c k o u t  

T i m e  
0 . 0 0 0

A r e a .
S e n s

2 0 0

B a s e
S e n s

70

Sk i m 
S e n s

1 0 . 0 0 0

B a s e l  i n s
T r e a t m e n t  

B —t o — B

QUANTI TATI ON
O r d e r  o f  

F i t  
0

U n k n o w n  
R a s p  F a c t o r  

1 . OOOOOe + OOO

PEAK I D E N T I F I C A T I O N
U n r e t  Comp To i

P e a k  T i m e  F i x e d
0 . 0 0 0  0 . 0 2 0

Comp To 1 
P e r c e n t  

0 . 500

R e f  P e a k  
R e t  T i m e

0 . 0 0 0

R e f  P e a k  
To 1 e r a n c a  

0 . 1 0 0

REPORT
DaV i c e  

SYS PR

R e p o  r t 
t o  D i s k  

NO

P r i n t  
To  1 e r  a n c e  
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Fig u re  2. Pen tane  E x t r a c t  of  Kimwipe a s  Blank Run
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SüwKüSL Analysis
Three uL of  the  pen tane  e x t r a c t  of  the  samples were 

i n j e c t e d  in to  the GC w i th o u t  f u r t h e r  sample p r e p a r a t i o n .

The GC i s  f i t t e d  w i th  a sw i tc h  t h a t  s t a r t s  the  t em p era tu re  

program a u t o m a t i c a l l y .  This  sw i tc h  was a l s o  connec ted  to  

the  e x t e r n a l  s t a r t  t e r m i n a l s  of  the  d a t a  system so t h a t  the  

d a t a  c o l l e c t i o n  a l s o  b e g in s  s i m u l t a n e o u s ly .

Computer A n a ly s i s  of  Data

The a c q u i s i t i o n  and s t o r a g e  of  d a t a  by computer lends  

f l e x i b i l i t y  to  the  a n a l y s i s .  In  t h i s  manner, d a t a  can be 

c o l l e c t e d  under one method and l a t e r  r e p r o c e s s e d  under 

a n o th e r ,  pe rhaps  more s u i t a b l e ,  method. S to re d  d a t a  can be 

r e s c a l e d ,  s u b t r a c t e d  o r  su b m i t t e d  to  an a p p l i c a t i o n s  

program f o r  f u r t h e r  a n a l y s i s .  T h is  i s  very  u s e f u l  in a 

s i t u a t i o n  in which the  d a t a  i s  c o l l e c t e d  over  a p e r io d  of 

months o r  lo n g e r ,  because  d a t a  a c q u i r e d  e a r l y  in the  

p r o j e c t  can be r e p r o c e s s e d .  This  a l lo w s  the  a n a l y s t  to  

t ake  advantage  of  many of th e  improvements made in the 

co u rse  of the  s tud y  w i th o u t  hav ing  to  r e - a n a l y z e  the  

samples .

The Chromatographies  I I I  sys tem i s  a m u l t i - t a s k i n g ,  

m u l t i - c h a n n e l  d a t a  c o l l e c t i o n  and p r o c e s s in g  sys tem .  The 

so f tw a re  i s  d iv id e d  up i n to  s i x  e nv ironm en ts  in c lu d in g :  

SYSTEM. OPERATE. METHOD. QUEUE ("queue"  i s  a 

B r i t i s h  term meaning " to  form in a l i n e . "  Here i t  i s  used
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to  l i n e  up s e v e r a l  methods in s u c c e s s i o n . ) ,  DATA

ANALÏS1& a n d  APPLICATION-

SYSTEM in c lu d e s  SELECT, CONFIGURATION, MONITOR, 

UTILITIES and DIRECTORY. SELECT a l lo w s  one to  choose which 

of  the  four  "chromatographs"  one wants to  work in .  

CONFIGURATION i s  used to  s e t  up the  system c o n f i g u r a t i o n  

composed of  i n t e g r a t o r s ,  p r i n t e r s  and p l o t t e r s .  MONITOR 

g e n e r a t e s  a s c re e n  d i s p l a y  of  a l l  d a t a  c u r r e n t l y  be ing  

c o l l e c t e d .  UTILITIES in c lu d e s  v a r io u s  o p e r a t i o n s  such as  

a r c h i v i n g  d a t a ,  f o r m a t t i n g  f lop p y  d i s k s ,  s e t t i n g  the  system 

c lo c k ,  r e t r i e v i n g  d a t a ,  e t c .  DIRECTORY i s  a f u n c t io n  t h a t  

w i l l  p e rm i t  the  o p e r a t o r  to  a c c e s s  the  d i r e c t o r y  of  method 

f i l e s ,  peak f i l e s ,  d a t a  f i l e s  o r  queue f i l e s  a t  any t im e.

The OPERATE environm ent  in c lu d e s  SETUP, METHOD,

QUEUE, PLOT, and STATUS. SETUP s e t s  up a remote i n t e g r a t o r  

f o r  d a t a  c o l l e c t i o n  u s in g  a p a r t i c u l a r  method. METHOD w i l l  

d i s p l a y  the  method in use and a l low  c e r t a i n  m o d i f i c a t i o n s .  

QUEUE w i l l  p e rm i t  t h e  d i s p l a y  and m o d i f i c a t i o n  of queue 

e n t r i e s  i f  i t  i s  b e in g  u t i l i z e d .  PLOT a l lo w s  one to  view 

the  r e a l - t i m e  a c q u i s i t i o n  o f  d a t a  in p l o t  fo rm at .  STATUS 

w i l l  show the  c u r r e n t  s t a t u s  of  d a t a  c o l l e c t i o n  in c lu d in g  

any r e a so n s  f o r  no t  ready  s t a t u s ,  e t c .

The METHOD environm ent  i s  used to  g e n e r a t e  a method 

t h a t  i s  t a i l o r e d  to  the  p a r t i c u l a r  a n a l y s i s  in c lu d in g  those  

in v o lv in g  q u a n t i t a t i o n .  Methods may a l s o  be m od if ied ,  

l i n k e d ,  c a l i b r a t e d  and s t o r e d .
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QUEUE i s  used to  p r o c e s s  d a t a  from a  s e r i e s  of 

samples u s in g  d i f f e r e n t  methods o r  perform  a u to m a t i c  

c a l i b r a t i o n  of a method, e t c .

DATA ANALYSIS p e r m i t s  th e  r e - a n a l y s i s  of  d a t a  from 

p r e v i o u s ly  c o l l e c t e d  f i l e s .  O p t ions  a r e :  REPORT, METHOD

REPROCESS, METHOD DEVELOPMENT, INTERACTIVE REINTEGRATE, 

REPLOT, and PRINT PLOTS. REPORT p e rm i t s  the  g e n e r a t i o n  of 

a new r e p o r t  u s ing  a s e l e c t e d  method. METHOD REPROCESS 

w i l l  g e n e r a t e  new peak f i l e s  u s in g  e i t h e r  the  same o r  a 

d i f f e r e n t  method. The METHOD DEVELOPMENT p r o c e s s  i s  used 

to  cus tomize  a method to  a  s t o r e d  chromatogram.

INTERACTIVE REINTEGRATION can be used t o  manually 

r e i n t e g r a t e  i n d iv i d u a l  p l o t s .  REPLOT p e r m i t s  the  d i s p l a y  

of one o r  more p l o t s  by s p l i t  s c r e e n  o r  o v e r l a y ,  the  

s u b t r a c t i o n  of one p l o t  from a n o t h e r  and the  l a b e l i n g  of 

c e r t a i n  f e a t u r e s .  PRINT PLOTS p e r m i t s  the  p l o t t i n g  of  one 

o r  more chromatograms.

APPLICATIONS p e r m i t s  th e  g e n e r a t i o n  of B as ic  (o r  

F o r t r a n )  programs and the  p r o c e s s i n g  of  d a t a  u s ing  them.

For the  comparison  of  two chromatograms,  th e  REPLOT 

environment was used .  F i r s t ,  the  two p l o t s  of  i n t e r e s t  

were b rough t  up in th e  " o v e r l a y "  mode. Next , " s c a l e  X" and 

" s c a l e  Y" were used t o  p u t  the  peak of  i n t e r e s t  on s c a l e .  

The b a s e l i n e  of the  se co nd a ry  p l o t  was a d j u s t e d  to  t h a t  of 

the  pr imary  p l o t  and th en  the  peak h e i g h t  of  the  secondary  

p l o t  was a d j u s t e d  t o  t h a t  of  the  p r im ary  p l o t  f o r  the  peak
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of  i n t e r e s t .  This  i s  a way to  norm al ize  one p l o t  to  

a n o th e r  u s ing  a common peak.  In a d d i t i o n ,  the  r e t e n t i o n  

time of  t h i s  peak in the  secondary  p l o t  was a d j u s t e d  to  

match t h a t  of  the  p r im ary  p l o t .  These changes were 

"accep ted"  and th en  a " s c a l e d  d a t a  s u b t r a c t "  was performed 

on the  p l o t s .  The s u b t r a c t e d  chromatogram was s t o r e d  fo r  

l a t e r  r e p l o t t i n g .  The s u b t r a c t e d  chromatograms very 

e f f e c t i v e l y  p o i n t e d  out  even the  minor d i f f e r e n c e s  between 

chromatograms and was an im portan t  to o l  in the  v i s u a l  

comparison  of  chromatograms. F r e q u e n t ly ,  the  l a t t e r  p a r t  

of  the  chromatograms d i s p l a y e d  some s l i g h t  r e t e n t i o n  time 

d i f f e r e n c e s  which showed up on the  s u b t r a c t e d  chromatograms 

as  a com bina t ion  of  a  p o s i t i v e  and a n e g a t iv e  peak .  I f  two 

peaks of a p p ro x im a te ly  the  same h e ig h t  (one n e a r  the  

b eg in n in g  of the  chromatogram and one l a t e r  in the 

chromatogram) had been chosen ,  th e s e  r e t e n t i o n  time 

d i f f e r e n c e s  c o u ld  have been e l i m in a t e d  in the  m an ip u la t io n  

of  the  chromatograms b e fo re  the  s u b t r a c t i o n  was done.  This  

was no t  done in t h i s  case  because the  peak chosen to  s c a l e  

the  d a t a  was f a r  l a r g e r  than  o t h e r  peaks in the  

chromatogram and because  bo th  peaks must be on the  s c r e e n  

a t  the  same t im e ,  t h u s  y i e l d i n g  l i t t l e  v i s i b l e  r e t e n t i o n  

time d i f f e r e n c e  f o r  c a p i l l a r y  chromatograms of 75 m inu tes .  

The r e f e r e n c e  peak was chosen  because i t  appeared  in each 

chromatogram and i t  seemed a p p r o p r i a t e  to  s c a l e  o t h e r  peaks 

to  i t  a s  a n a t u r a l  I n t e r n a l  s t a n d a r d .  I t  was no t  p r a c t i c a l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



27

to  add an i n t e r n a l  s t a n d a r d  to  the  samples because  of  the 

u n c e r t a i n t y  in the  q u a n t i t y  of  s k in  o i l s  on each p i e c e  of 

t i s s u e .

T ran sevaPQuator E x t r a c t i o n .  Thermal 
De.sarpJLion and C rvofocus lna

M s o r b e n t s ^ R e a g e n t s ^  and M a t e r i a l s

Grade f iv e  he l ium was used as  the  c a r r i e r  gas in the

t r a n s e v a p o r a t o r  e x t r a c t i o n .  A d e s s i c a n t / m o l e c u l a r  s i e v e

f i l t e r  (Foxboro /A na labs)  and an a c t i v a t e d  carbon  f i l t e r

(Foxboro /A na labs)  were used in l i n e  to  f u r t h e r  p u r i f y  the

he l ium .  All  g l a s sw a re  was washed in Micro ( I n t e r n a t i o n a l

P ro d u c t s  C orp . )  s o l u t i o n ,  h o t  w a te r ,  d i s t i l l e d  w a te r ,

a ce to ne  and pen tane  and th en  baked in a muff le  fu rnace  a t

500*0. Pyrex brand g l a s s  wool (Corning)  was h e a t e d  in  a

muff le  fu rn ace  a t  500*0. U n t r e a te d  g l a s s  beads ,  80/100

mesh ( A l l t e c h )  were washed with  Micro s o l u t i o n ,  n i t r i c

a c i d ,  d i s t i l l e d  w a te r ,  ace to ne  and e th y l  e t h e r  and then

h e a te d  in a s t ream  of  helium a t  280*0 f o r  24 h o u r s .  The

p e n ta n e ,  Kimwipe and g l a s s  v i a l s  were used as  d e s c r i b e d  in

a p r e v io u s  s e c t i o n .  The g l a s s  tu b in g  used f o r  sample tu b es

and t r a p s  were 1/4" O.D. and 2 mm or  4 mm I .D .  Pyrex (Ace

G l a s s ) .  The g l a s s  tu b in g  was c le a n e d  w i th  Micro s o l u t i o n ,

ho t  w a te r ,  d i s t i l l e d  w a te r ,  ace tone  and pen tane  and then

h e a ted  in a muff le  fu rn ace  a t  500*0. Nylon g lo v e s

(American S c i e n t i f i c  P ro d u c t s )  were used when h a n d l in g  the

e x t r a c t i o n  g l a s s w a r e .  The g la s sw are  f o r  the
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t r a n s e v a p o r a t o r  was made by S o u th e a s te r n  L abora to ry  

A ppa ra tus .

A ppara tus  Design and In s t ru m en t  
M o d i f i c a t i o n

The t r a n s e v a p o r a t o r  d e s ig n  (see  F igu re  3) was 

b a s i c a l l y  t h a t  of  Z l a t k l s ,  sJL àL* as  r e p o r t e d  In 

B r a z e l l ' s  d i s s e r t a t i o n  (98)  w i th  a few m o d i f i c a t i o n s .  The 

g l a s s  bead t r a p  was reduced  In s i z e  from 8 mm I .D .  to  4 mm 

I .D .  and I n c re a s e d  In l e n g t h  from 11 cm t o  17 cm. I t  was 

f e l t  t h a t  a  r e d u c t i o n  In d ia m e te r  would make the  thermal 

d e s o r p t i o n  more e f f e c t i v e .  The In c re a se  In l e n g th  was done 

t o  r e t a i n  t r a p p i n g  e f f e c t i v e n e s s .  The t r a p  was t a p e r e d  on 

one end to  a d i a m e te r  of  ap p ro x im a te ly  3 mm to  c o in c id e  

w i th  the  e x i t  of  th e  t r a p  fu r n a c e .  The sm all  end of the  

t r a p  was packed w i th  a p lug  of  g l a s s  wool then  with  g l a s s  

beads  and a n o th e r  p lu g  of  g l a s s  wool such t h a t  4 cm of  the  

l a r g e  end o f  the  t r a p  was l e f t  empty. This a s s u r e d  t h a t  

the  packed p o r t i o n  would be p o s i t i o n e d  In the  h e a ted  a r e a  

of  the  fu rn ac e  ( F ig u r e  4 , 5 ) .  The sample tube was 8 .4  cm 

long w i th  1/4" O.D. and 2 mm I .D .  and t a p e r e d  on one end so 

t h a t  I t  would r e a c h  t o  the  bottom of  the  c o n ic a l  t i p  of  the  

c e n t r i f u g e  tu b e .  I t  was no t  packed w i th  a d so rb e n t  f o r  

th e s e  a n a l y s e s .

Empty fused  s i l i c a  c a p i l l a r y  t u b in g ,  0 .32  mm I .D .

(SGE) was used a s  the  precolumn. Before  u se .  I t  was 

s l l y l a t e d  by t r e a t i n g  with  "Glass  T rea t"  (Chrompack) and
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F igure  3. T r a n s e v a p o r a to r  Sampling Apparatus
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Figure  4. Trap
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Figu re  5.  Trap D e so rp t io n  Furnace
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r i n s i n g  w i th  methanol then  f l u s h i n g  w i th  dry  he l ium .  The 

fused  s i l i c a  tu b in g  was very b r i t t l e  a f t e r  be ing  exposed to 

the  a i r  f o r  on ly  an hour o r  so (whether  s i l y l a t e d  o r  n o t ) .  

I t  was s u b s e q u e n t ly  de te rm ined  t h a t  i t  sho u ld  be I n s t a l l e d  

a s  q u ic k ly  as  p o s s i b l e  and h e a t  t r e a t e d  imm edia te ly .  I f  

t h i s  was done no problems a ro s e  due to  the  breakage  of the 

precolumn.

The t r a p  fu rn ace  (F ig u re  5) was the  1/4" fu rn ace  

d es ig n ed  f o r  use In Tekmar 's  Model 5000 Thermal D esorbe r .

I t  was f i t t e d  w i th  V iton  0 - r i n g s  and a t t a c h e d  to  a Valeo 

4 - p o r t ,  h igh  t e m p e r a tu re ,  H a s t a l l o y  C 1 /3 2 “ va lve  (F ig u re

6) v i a  H a s t a l l o y  C tu b in g .  O ther  c o n n e c t io n s  to  the  valve  

were f o r  c a r r i e r  gas  in to  v a lv e ,  c a r r i e r  out  to  f u r n a c e ,  

and flow out  to  th e  precolumn.

Tekmar 's  Model 1000 C a p i l l a r y  I n t e r f a c e  (F ig u re

7 ) ( h e r e a f t e r  r e f e r r e d  to  as  the  c ry o f o c u s in g  u n i t )  was 

modif ied  such t h a t  i t  cou ld  handle  somewhat l e s s  v o l a t i l e  

compounds th an  the  p u rgeab le  h a lo c a rb o n s  f o r  which i t  was 

d e s ig n e d .  This  was accom pl ished  by su r ro u n d in g  a l l  exposed 

precolumn wi th  1/4" O.D.,  2 mm I .D .  g l a s s  tu b in g  which was 

wrapped with  a h e a t  tape  (G las -C o l )  c o n n ec ted  to  a V ar iac  

t r a n s f o r m e r .  This  p re v e n te d  the  l e s s  v o l a t i l e  compounds 

from condensing  in t h e s e  a r e a s  of the  precolumn,  th u s  

l e a d in g  to  b e t t e r  fo c u s in g  of  the  sample.  The c ry o f o c u s in g  

u n i t  was mounted over  the  i n j e c t i o n  p o r t  of the  GO and the  

precolumn passed  up th rough  the  to p  of th e  column oven.
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F ig u re  6.  S w itch in g  Valve

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3 7

carrier in

precolum nto trap

from trap

Valve

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3 8

Figure  7. Tekmar C a p i l l a r y  I n t e r f a c e  (C ryofocus ing  U n i t )
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th rough  the  I n j e c t o r  and septum and up th rough  the  

c ry o fo c u s in g  u n i t  to  the  v a lv e .  This meant t h a t  the  

i n j e c t o r  cou ld  be pu t  back i n to  s e r v i c e  e a s i l y  w i thou t  

d i s m a n t l i n g .  F ig u re  8 i l l u s t r a t e s  the  e n t i r e  combinat ion  

of  t r a p  f u r n a c e ,  va lve  and c r y o f o c u s in g  u n i t .

The c ry o f o c u s i n g  u n i t  was d e s ig n ed  such t h a t ,  when 

used with  the  p r o p e r  e l e c t r o n i c  i n t e r f a c e ,  i t  c o u ld  r e c e iv e  

a ready  s i g n a l  from th e  GC and send a s t a r t  run  s i g n a l  to  

the GC. The i n t e r f a c e  was p u rch ased  from Var ian  bu t  a f t e r  

i n s t a l l a t i o n  d id  n o t  produce  th e  c o r r e c t  communication 

between the  two i n s t r u m e n t s .  The i n t e r f a c e  was found to  

f u n c t io n  p r o p e r l y  o n ly  i f  t h e  GC was i n t e r f a c e d  to  the 

Var ian  40 i d a t a  s t a t i o n  which was no t  the  case  in our 

sys tem. The e l e c t r o n i c  i n t e r f a c e  was d i s c a r d e d  and two 

m o d i f i c a t io n s  were made. To o b t a i n  a p seu d o - rea d y  s ig n a l  

from the  GC, a jumper wire  was p l a c e d  a c r o s s  the  two " s t a r t  

co o l"  t e r m i n a l s  on th e  back o f  the  Model iCOO c o n t r o l l e r .  

S ince t h e r e  i s  a t e m p e r a tu re  probe  in the  GC oven t h a t  i s  

connec ted  to  the  Tekmar LSC-2 (n o t  used in t h i s  p r o j e c t )  

the  Tekmar s e e s  a p se u d o - re a d y  s i g n a l  when the  GC oven is  

a t  o r  below the  s e t p o i n t  t e m p e ra tu re  f o r  the  GC oven. This 

f e a t u r e  was n o t  u t i l i z e d  in t h i s  work. I n s t e a d ,  the  

d e s o r p t i o n  of  the  c r y o f o c u s i n g  u n i t  was s t a r t e d  manually 

when the  oven re a c h e d  the  p r o p e r  t e m p e r a t u r e .  A c o n n ec t io n  

was made from " h ea t  r e e d  i" on the  back o f  the  Model 1000 

c o n t r o l l e r  to  the  s t a r t  run  a c t i v a t o r  on the  i n j e c t i o n
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F igu re  8 .  The Combined Trap D eso rp t io n  Apparatus
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p o r t .  This  would b e g in  the  column oven t e m p e r a tu re  program 

a t  the  same time a s  the  d e s o r p t io n  of  th e  c ry o f o c u s i n g  

u n i t .  As mentioned p r e v i o u s l y ,  a c o n n e c t io n  was a l s o  made 

from the  s t a r t  run sw i tc h  on the  GC to  th e  “e x t e r n a l  s t a r t "  

t e r m i n a l s  on the i n t e g r a t o r  so t h a t  d a t a  c o l l e c t i o n  would 

s t a r t  s im u l t a n e o u s ly  with  the  GC ru n .

Sampling Procedure  and C on d i t ion s

GC c o n d i t i o n s  and d a t a  c o l l e c t i o n  methods were as  

d e s c r i b e d  under the  s p l i t  i n j e c t i o n  mode. O ther  c o n d i t i o n s  

w i l l  be d e s c r i b e d  in the  p rocedure  d e t a i l e d  below.

1. The t r a p  i s  c o n d i t i o n e d  a t  350*C a t  a  he l ium  flow 

of  14 mL/min fo r  30 min. The g la s sw are  i s  h e a t e d  in a 

m uff le  fu rn ace  a t  5 0 0 *C f o r  one ho u r .  The t r a p  fu rn a c e  and 

va lve  (d e s o rb  mode) (F ig u re  9A) a re  purged  a t  o p e r a t i n g  

te m p e ra tu re  and helium flow of  a p p ro x im a te ly  200 mL/min f o r  

30 m in u te s .  The GC column i s  c o n d i t i o n e d  a t  maximum 

o p e r a t i n g  te m p e ra tu re  f o r  a t  l e a s t  30 m inutes  and normal 

f low.

2. A small  p i e c e  of Kimwipe c o n t a i n i n g  the  sample 

( u s u a l l y  3 mm X 2.5  cm bu t  d i c t a t e d  by th e  sample 

c o n c e n t r a t i o n )  i s  i n s e r t e d  in a sample t u b e .  The sample 

tube  i s  th en  a t t a c h e d  to  the  t r a n s e v a p o r a t o r  by a 

p r e - s h r u n k  PTFE s l e e v e .  The cool  t r a p  tube  i s  a t t a c h e d ,  

t a p e r e d - e n d  down, to  the  top  in the same manner (F ig u re  3 ) .
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Fig u re  9. Valve in  Desorb Mode (A) and Bypass Mode (B)
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3. 300 uL of  pen tane  i s  p la c e d  In the  t i p  of  the  

c e n t r i f u g e  tube  which i s  then  a t t a c h e d  to  the 

t r a n s e v a p o r a t o r  body by a s p r i n g .

4. Helium a t  a flow of  7 mL/min i s  passed  through the  

a p p a r a t u s  to  push th e  pen tane  up th rough  the  sample tube 

and onto  the  t r a p .  The helium flow i s  then  in c re a s e d  to  14 

mL/min t o  e v a p o r a t e  th e  e x c e s s  s o l v e n t .  This  whole 

p rocedure  t a k e s  f i v e  m in u te s .

5. The c r y o f o c u s i n g  u n i t  i s  coo led  to  - 1 0 0 'C with  

l i q u i d  n i t r o g e n .  When t h i s  i s  a ccom pl ished ,  the  t r a p  i s  

q u i c k l y  i n s e r t e d  i n t o  the  p r e - h e a t e d  (280*0) t r a p  fu rnace  

and the  va lve  sw i tc h e d  to  the  "desorb"  mode (F igu re  9A).

The d e s o r p t i o n  of  t h e  t r a p  o c cu rs  over  a 7 minute p e r io d  

d u r in g  which the  flow th rough  the  t r a p  i s  a p p ro x im a te ly  200 

mL/min. This  i s  done by opening  the  t ee  f i t t i n g  t h a t  j o i n s  

the  precolumn to  the  a n a l y t i c a l  column. This h igh  flow 

r a t e  r e d u c e s  the  t r a p  d e s o r p t i o n  time bu t  a l s o  r e s u l t s  in a 

p a r t i a l  l o s s  of  the  more v o l a t i l e  c o n s t i t u e n t s  of the 

s a m p le .

6. At the  end o f  the  t r a p  d e s o r p t i o n  p e r i o d ,  the  tee  

f i t t i n g  i s  c l o s e d  and the  va lve  i s  sw i tched  to  the  "bypass" 

mode ( F ig u r e  9B>. A time of  2 .5  minutes  i s  a l low ed  fo r  the  

oven t e m p e ra tu re  to  s t a b i l i z e  th en  the  "hea t -up "  b u t to n  on 

the  c o n t r o l l e r  i s  p r e s s e d .  The c ry o f o c u s in g  u n i t  i s  hea ted  

f o r  11 seconds  to  d e s o rb  the  sample and the  GC tem pera tu re  

program and d a t a  c o l l e c t i o n  b e g in  s im u l t a n e o u s ly .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



47

7. The t r a p  Is  removed from the  fu rn ace  to  avo id  

o v e rh e a t in g  the  0 - r i n g s  and to  s e t  up f o r  the  c o n d i t i o n i n g  

p rocedure  mentioned in s t e p  1. The g la s sw a re  i s  p l a c e d  in 

the  fu rnace  to  p re p a re  i t  f o r  the  n e x t  a n a l y s i s .
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CHAPTER 3 

RESULTS AND DISCUSSION

F r e q u e n t ly  d u r in g  the  commission of  c r im es  of 

v i o l e n c e ,  t h e r e  i s  c o n t a c t  between a s s a i l a n t  and v i c t im .  

This  y i e l d s  th e  o p p o r t u n i t y  f o r  t r a c e  ev idence  to  be 

t r a n s f e r r e d  from one to  the  o t h e r .  Evidence o f  t h i s  type 

u s u a l l y  i n c lu d e s  h a i r s ,  f i b e r s ,  s o i l  and c e r t a i n  body 

f l u i d s  as  well  a s  many o t h e r  ty p es  of e v id e n c e .

Methodology f o r  th e  a n a l y s i s  of  th e s e  t y p e s  of ev idence  i s  

abun d an t ;  however, no r e f e r e n c e  to  the  p r o f i l i n g  of  s k in  

s u r f a c e  l i p i d  (SSL) samples was found in the  c u r r e n t  

l i t e r a t u r e .  SSL samples from 23 v o l u n t e e r s  were examined 

to  d e te rm in e  whether  th ey  would p rov ide  an i n d iv id u a l  

s p e c i f i c  " f i n g e r p r i n t "  p a t t e r n  upon v i s u a l  e xam in a t io n  of 

the  chromatogram. In a d d i t i o n  to  d e te rm in in g  whether  the  

SSL p r o f i l e  i s  c h a r a c t e r i s t i c  of  an i n d i v i d u a l ,  the 

v a r i a b i l i t y  of  i n d iv i d u a l  p r o f i l e s  over  time was 

d e te rm in e d .  O ther  f a c t o r s  such as  method of  sample 

c o l l e c t i o n ,  exposure  to  ambient  c o n d i t i o n s ,  use of 

c o s m e t ic s  and compar ison  of samples from d i f f e r e n t  p a r t s  of 

t  he f ace ' " we re' ' "a I so  ' con'S'ide r e  d  ....

48
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Sampl? .Çp.lUçtt9n 
SSL samples were c o l l e c t e d  by hav ing  the  s u b j e c t s  use 

a p o r t i o n  of  a Kimwipe to  wipe t h e i r  fo reh e ad  o r  o t h e r  a r e a  

under  s t u d y .  This  method was chosen because  i t  most n e a r l y  

r e p r e s e n t e d  the  way in which SSL would be t r a n s f e r r e d  from 

a s s a i l a n t  t o  v i c t im  or  from v ic t im  to  a s s a i l a n t .  That i s ,  

d u r in g  the  c r im e ,  the  s k in  l i p i d s  would be t r a n s f e r r e d  by 

the  ru b b in g  of  the  face  on c l o t h i n g  o r  o t h e r  m a t e r i a l  and 

no t  by more e l a b o r a t e  chemical  o r  mechanical  e x t r a c t i o n  

t e c h n i q u e s .  Gloor (149)  s t a t e s  t h a t  the  c o m p o s i t io n  of  the  

SSL i s  dependent  upon the  sampling t e c h n iq u e .  The SSL 

co m p o s i t io n  cou ld  be a f f e c t e d  by env iro n m en ta l  c o n d i t i o n s  

such a s  food i n t a k e ,  f requency  and s t y l e  of  b a th i n g  and 

c o n ta m in a n t s .  To i n v e s t i g a t e  t h i s  p o i n t ,  samples were 

o b t a i n e d  from the  s u b j e c t s  on two o c c a s io n s  e i g h t  days 

a p a r t .  This  gave i n fo rm a t io n  on the  s h o r t  term v a r i a b i l i t y  

o f  the  p r o f i l e .  The on ly  sample p r e p a r a t i o n  perform ed was 

the  e x t r a c t i o n  of th e  SSL from the  Kimwipe w i th  p e n ta n e .  

This  method was s e l e c t e d  to  minimize the  p o s s i b i l i t y  of 

c o n ta m in a t io n .  This  i s  a lways an im por tan t  c o n s i d e r a t i o n  

b u t  i t  becomes of  c r i t i c a l  Importance in f o r e n s i c  c a s e s  In 

which the  g u i l t  o r  innocence of  the  accu sed  may depend upon 

the  r e s u l t  of  the  a n a l y s e s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5 0

R e p r o d u c i b i l i t y  of  the  Technique 

F ig u re  10 shows r e p l i c a t e  i n j e c t i o n s  of  the  same 

sample .  Comparison of  the  two chromatograms show t h a t  the  

on ly  d i f f e r e n c e  between them a re  t h r e e  small  peak h e ig h t  

d i f f e r e n c e s  between 13 and 19 m in u te s .  That i s  t h r e e  

i n c o n s i s t e n c i e s  o u t  of  114 p o i n t s  of  compar ison .  The 

d i f f e r e n c e s  a r e  p o i n t e d  out  on the  f i g u r e  with  small  

a r ro w s .  P a r t  C of  F ig u re  10 is  a s u b t r a c t e d  chromatogram 

showing the  d i f f e r e n c e s  between the  two. In viewing the  

s u b t r a c t e d  chromatogram, bo th  here  and in subsequent  

f i g u r e s ,  n o te  t h a t  the  d i f f e r e n c e s  w i l l  be r e p r e s e n t e d  by 

e i t h e r  p o s i t i v e  o r  n e g a t iv e  peaks .  The a r e a s  in the 

s u b t r a c t e d  chromatogram t h a t  show bo th  a p o s i t i v e  and 

n e g a t iv e  peak a t  e s s e n t i a l l y  the  same p la c e  r e p r e s e n t  a 

s i t u a t i o n  in which th e  r e t e n t i o n  t im es  o f  a peak were 

s l i g h t l y  d i f f e r e n t ,  see F igu re  iOC a t  27 m inu tes .  This  

does no t  r e p r e s e n t  a t r u e  d i f f e r e n c e  and th ese  peaks should  

e s s e n t i a l l y  be igno red  when examining the  s u b t r a c t e d  

chromatogram. R e p r o d u c i b i l i t y  was very  good once the  

t e m p era tu re  program was ex tended  to  purge any sample 

rem a in in g  a t  th e  end of a r u n .  F igu re  11 shows r e p l i c a t e  

i n j e c t i o n s  o f  a d i f f e r e n t  sample .  Out of  110 p o i n t s  of 

com par ison ,  two sm all  peak h e i g h t  d i f f e r e n c e s  can be seen 

a t  23 and 48 m in u te s .  The s u b t r a c t e d  chromatogram is  shown 

a t  the  bot tom of th e  f i g u r e .
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F ig u re  10. D u p l ica te  I n j e c t i o n s  of  the  Same Sample (A,B) and 

S u b t r a c t e d  Chromatogram (C)
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F ig u re  i l .  D u p l ic a te  I n j e c t i o n s  of the  Same Sample (A,B) and 

S u b t r a c t e d  Chromatogram (C)
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The V a r i a b i l i t y  of  an I n d i v i d u a l ' s  
P r o f i l e  Over Time

Two samples were t ak en  over  an e ig h t - d a y  p e r io d  from 

each  s u b j e c t .  F ig u re  12 i s  a comparison of the p r o f i l e s  

from the  i n d iv i d u a l  t h a t  showed the  l e a s t  amount of 

v a r i a t i o n  over  t h i s  p e r i o d .  Of 123 p o i n t s  of comparison ,  6 

minor d i f f e r e n c e s  can  be seen  a t  16 .8 ,  19 .9 ,  20 .7 ,  26 .3 ,  43 

and 47 m inu tes .  Four major d i f f e r e n c e s  a re  in the  r eg io n  

of  13 .9 ,  14 .6 ,  15.1 and 18 m in u te s .  Minor d i f f e r e n c e s  a re  

d e f i n e d  as  be ing  a change in peak h e ig h t  of l e s s  than  50%. 

Major d i f f e r e n c e s  a r e  d e f i n e d  a s  be ing  peak h e ig h t  changes 

of  g r e a t e r  th an  50% o r  the  appea rance  of  a new peak. The

d i f f e r e n c e s  may be due to  e nv iro n m en ta l  o r  d i e t a r y  changes .

F igu re  12C is  a s u b t r a c t e d  chromatogram of  the two. Note

t h a t  i t  i s  most u s e f u l  in  p o i n t i n g  out  the  l a r g e r

d i f f e r e n c e s .  F ig u re  13 i s  a comparison  of  p r o f i l e s  from 

the  i n d iv i d u a l  t h a t  showed the  g r e a t e s t  amount of  v a r i a t i o n  

over  the  same p e r i o d .  Of 125 p o i n t s  of compar ison ,  minor 

d i f f e r e n c e s  may be n o te d  a t  1 2 .2 ,  12 .5 ,  17, 19.5,  20 .7 ,

2 1 .9 ,  2 5 .7 ,  2 9 .1 ,  30, 31, 36, and 4 7 .1 ,  m inu tes .  There 

were major d i f f e r e n c e s  a t  11 .5 ,  13 .7 ,  16.5 and 18.6 

m in u te s .  F ig u re  13C p o i n t s  ou t  some of  th e s e  d i f f e r e n c e s .  

B a s i c a l l y ,  the  d i f f e r e n c e s  between the  p r o f i l e s  of  the  

pe rso n  showing l i t t l e  d i f f e r e n c e  and those  of  the 

i n d iv i d u a l  showing th e  most d i f f e r e n c e  over  time i s  t h a t  

the  former had 6 minor and 4 major d i f f e r e n c e s  and the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5 6

Figure  12. P r o f i l e s  of  the  Same Person  Taken 8 Days Apart  

Showing Few D i f f e r e n c e s  (A,B) and S u b t r a c t e d  Chromatogram (0)
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F ig u re  13. P r o f i l e s  o f  the  Same Person  Taken 8 Days Apart  

Showing Many D i f f e r e n c e s  (A,B) and S u b t r a c t e d  

Chromatogram (C)
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l a t t e r  had 12 minor and 4 major d i f f e r e n c e s .  The 

c o n s i s t e n c y  of the  p r o f i l e  v a r i e d  from i n d iv id u a l  to  

i n d i v i d u a l .  Some s u b j e c t s  showed very  l i t t l e  v a r i a t i o n  

while  o t h e r s  showed much more v a r i a t i o n .  One e x p la n a t i o n  

i s  the  p o s s i b i l i t y  of  i n c o n s i s t e n t  b a th i n g  h a b i t s  and 

v a r i a t i o n s  in d i e t  a s  well  as  the  f a c t  t h a t  the  samples 

were not  o b ta in e d  a t  the  same time of day (one was taken  a t  

9 :30  a.m. while  the  o t h e r  was t aken  a t  12:00 noon) .  In 

a d d i t i o n ,  some small  v a r i a t i o n s  in r e t e n t i o n  time can be 

a t t r i b u t e d  to  the  f a c t  t h a t  the  p r o f i l e s  were o b t a in e d  on 

d i f f e r e n t  days th u s  l e a d in g  to  s l i g h t  v a r i a t i o n s  in 

in s t ru m en t  c o n d i t i o n s .  This is  shown by the  s u b t r a c t e d  

chromatogram showing a p o s i t i v e  and n e g a t iv e  peak a t  the  

same p l a c e .  I t  i s  a p p a r e n t  t h a t  the  c o n t r o l  and q u e s t io n e d  

samples shou ld  be an a ly ze d  on the  same day to  minimize the  

in f lu e n c e  of  i n s t r u m e n ta l  v a r i a t i o n s .

V a r i a t i o n  of P r o f i l e s  Taken 
from D i f f e r e n t  I n d i v i d u a l s

The magnitude o f  d i f f e r e n c e  in p r o f i l e s  of  two 

d i f f e r e n t  i n d i v i d u a l s  v a r i e d  g r e a t l y ,  depend ing  on the  two 

i n d i v i d u a l s  t h a t  were compared. Two i n d iv i d u a l  p r o f i l e s  

t h a t  showed the  g r e a t e s t  d i f f e r e n c e  (o f  th o se  s e l e c t e d  f o r

comparison)  a re  shown in F igure  14. A s u b t r a c t e d

chromatogram i s  shown a t  the  bottom of  t h i s  f i g u r e .  Minor

d i f f e r e n c e s  may be n o ted  a t  20, 2 5 .5 ,  26, 4 3 .5 ,  44, 51, 52,

58, and 60 m inu tes .  Major d i f f e r e n c e s  a r e  seen  a t  12,
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Figure  14. P r o f i l e s  of  Two People  Showing Many D i f f e r e n c e s  

(A,B) and S u b t r a c t e d  Chromatogram (C>
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14 .7 ,  15, 15 .2 ,  15 .4 ,  16 .6 ,  16 .7 ,  16 .8 ,  16 .9 ,  17, 17 .8 ,  18,

18 .8 ,  19, 2 0 .5 ,  2 2 .1 ,  2 2 .9 ,  23 .5 ,  2 4 .1 ,  25, 33 .3 ,  33 .7 ,  

3 5 .2 ,  36, 3 6 .1 ,  3 6 .2 ,  3 9 .6 ,  and 40 .3 .  Of 140 p o i n t s  of 

com par ison ,  t h e r e  were 9 minor d i f f e r e n c e s  and 28 major 

d i f f e r e n c e s .  To minimize the  c o n t r i b u t i o n  of  in s t ru m e n ta l  

e f f e c t s ,  samples of  each  in d iv id u a l  were taken  from the 

same group of  sam ples .  All  the  p r o f i l e s  from t h i s  group 

were o b t a i n e d  w i t h i n  ap p ro x im a te ly  a 36-hour  p e r i o d .  The 

Appendix i s  a c o l l e c t i o n  of  one p r o f i l e  from each v o l u n te e r  

in t h i s  s tu d y .  Note the  s i m i l a r i t i e s  a t  27, 3 3 .5 ,  39 .7 ,

4 9 .1 ,  6 1 .6 ,  and 6 3 .3  m in u te s .  The a r e a  a t  14-20 minutes  i s  

ve ry  s i m i l a r  f o r  some and very  d i f f e r e n t  f o r  o t h e r s .  The 

very  weak p r o f i l e s  c o u ld  be due to  very  r e c e n t  b a th in g  o r  

very  d ry  s k i n .  Of the  p r o f i l e s  shown in the  Appendix, a l l  

a re  from C a u c a s ia n s ;  #17-21 a re  from females  wearing 

c o s m e t i c s .  P r o f i l e s  11 and 22 a re  from fem ales  wearing no 

makeup and a l l  the  r e s t  a r e  from males .  The p r o f i l e s  from 

fem ales  wearing  c o s m e t ic s  were no t  used in any of  the 

com par isons  e x ce p t  one comparison  of a p r o f i l e  w i thou t  

c o s m e t ic s  to  a p r o f i l e  of the  same i n d iv id u a l  with  

c o s m e t ic s  which i s  d i s c u s s e d  l a t e r  in t h i s  c h a p t e r .

The p r o f i l e s  shown in F igu re  15 a re  p r o f i l e s  of  two 

d i f f e r e n t  i n d i v i d u a l s  t h a t  show very  s i m i l a r  p r o f i l e s .  

F ig u re  15C i s  a s u b t r a c t e d  chromatogram of the  two. Minor 

d i f f e r e n c e s  may be n o ted  a t  19 .5 ,  19.9 ,  2 0 .3 ,  2 0 .7 ,  26 .3 ,

2 8 .1 ,  3 6 .8 ,  4 0 .4 ,  4 2 .7 ,  4 4 .8 ,  5 0 .2 ,  and 61 .6  m inu tes .
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Fig u re  15. P r o f i l e s  of  Two People  Showing Few D i f f e r e n c e s  

(A,B) and S u b t r a c t e d  Chromatogram (C)
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Major d i f f e r e n c e s  a r e  seen a t  13 .9 ,  14 .6 ,  15, 18 and 18.2 

m inu tes .  Of 122 p o i n t s  of  compar ison ,  t h e r e  were 12 minor 

d i f f e r e n c e s  and 5 major d i f f e r e n c e s .

I t  seems l o g i c a l  t h a t  I f  the  SSL p r o f i l e  I s  to  be 

c o n s id e r e d  as  an In d iv id u a l  c h a r a c t e r i s t i c ,  the  minimum 

d i f f e r e n c e  between p r o f i l e s  of  two d i f f e r e n t  peop le  

(F ig u re  15) must be s i g n i f i c a n t l y  g r e a t e r  th an  the  maximum 

v a r i a t i o n  In p r o f i l e s  of  a s i n g l e  I n d iv id u a l  over  time 

(F ig u re  13). In c o n s i d e r a t i o n  of  the  In fo rm a t io n  y i e ld e d  

by th e s e  two f i g u r e s ,  we see a comparison  o f  12 minor and 5 

major d i f f e r e n c e s  In F igu re  15 as  compared to  12 minor and 

4 major  d i f f e r e n c e s  f o r  F igu re  13.

Variation.Dvs tCLWeatherinq
W eathering Is  a term borrowed from g e o l o g i s t s ,  

o r i g i n a l l y ,  and th en  from those  I n v e s t i g a t i n g  o i l  s p i l l s  

and o t h e r  s i m i l a r  e v e n t s .  I t  means exposure  of  the  sample 

to  env ironm en ta l  c o n d i t i o n s  which may cause  d e g r a d a t i o n  of  

the  sample .  I t  Is no t  p o s s i b l e  f o r  a c t u a l  f o r e n s i c  samples 

to  be p lac ed  In a i r t i g h t  g l a s s  v i a l s  and r e f r i g e r a t e d  

Immedia te ly .  E nv is io n  a s i t u a t i o n  In which the  s u s p e c t  Is 

n o t  apprehended fo r  s e v e r a l  d a y s .  The I n v e s t i g a t i n g  

o f f i c e r  o b t a i n s  some of  the  s u s p e c t s  c l o t h i n g  t h a t  meets 

the  d e s c r i p t i o n  of  t h a t  worn by the  a s s a i l a n t .  U su a l ly  

th e s e  a re  then  p la c e d  In p ap e r  bags to  m a in ta in  the  

I n t e g r i t y  of the  ev idence  and forwarded to  the  crime
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l a b o r a t o r y .  Many t im es  the  samples do n o t  r e a c h  the  

l a b o r a t o r y  fo r  s e v e r a l  d a y s .  In a d d i t i o n ,  the  l a b o r a t o r y  

may have a back log  o f  c a s e s  such t h a t  i t  i s  j u s t  no t  

p o s s i b l e  to  examine the  ev idence  from t h i s  case  

im m edia te ly .  All  of  th e s e  d e la y s  cou ld  c o n t r i b u t e  to  the 

exposure  of  the  sample to  v a r io u s  c o n d i t i o n s  which may 

cause  d e g r a d a t i o n  of the  sample ( t o  s i m p l i f y  m a t t e r s ,  l e t ' s  

assume t h a t  no c o n ta m in a t io n  took p l a c e ) .  The most common 

t y p e s  of  d e g r a d a t i o n  inc lude  e v a p o r a t i o n  of  the  more 

v o l a t i l e  c o n s t i t u e n t s  and o x i d a t i o n  a n d / o r  h y d r o l y s i s  of 

the  more s e n s i t i v e  components .  To i l l u s t r a t e  the  e f f e c t  of  

w e a th e r in g  (exposure  to  ambient  e n v iro nm en ta l  c o n d i t i o n s )  

on a sample ,  p r o f i l e s  were o b t a in e d  a t  t im es  t h a t  

r e p r e s e n t e d  d i f f e r e n t  l e n g th s  of  exposure  of  the  sample to  

ambient  c o n d i t i o n s .  F ig u re  ISA r e p r e s e n t s  a  p r o f i l e  t h a t  

was o b t a in e d  a s  soon a s  the  sample was c o l l e c t e d .  F igure  

16B i s  a p r o f i l e  o f  the  same sample a f t e r  i t  was s t o r e d  a t  

6 *C f o r  i 26 h o u r s .  F ig u re  iSC i s  a s u b t r a c t e d  chromatogram

of the  two. Minor d i f f e r e n c e s  may be n o ted  a t  19 .5 ,  20 .5 ,

34, and 35 m inu tes ,  w i th  no major  d i f f e r e n c e s  b e in g  n o ted .  

These minor d i f f e r e n c e s  may be due in p a r t  to  s l i g h t  

f l u c t u a t i o n s  in in s t r u m e n ta l  c o n d i t i o n s  over  the  time 

p e r i o d .  F igu re  17 i l l u s t r a t e s  the  p r o f i l e s  o b t a in e d  from

the  same sample a t  8 ,  26.5 and i 24 hours  of  exposure  to

ambient  c o n d i t i o n s  in the  l a b o r a t o r y .  Note the  i n c r e a s in g  

peak h e i g h t s  in the  0-30 minute r e g io n  of  the  chromatogram
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F ig u re  16. P r o f i l e  Taken Immediately A f t e r  Sample C o l l e c t i o n  

(A),  P r o f i l e  Taken A f t e r  Sample Was S to re d  a t  6 ■=0 f o r  126 

Hours (B ) ,  and S u b t r a c t e d  Chromatogram <C)
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Fig u re  17. P r o f i l e s  That Were O b ta ined  A f t e r  Sample Was L e f t  

Open to  Ambient C o n d i t io n s  f o r  8 (A), 26.5 (B ) ,  and 124 Hours 

<C) R e s p e c t iv e ly
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as  the  l e n g th  of  time of exposure  i n c r e a s e s .  Major 

d i f f e r e n c e s  may be seen  a t  2 . 6 ,  6 . 6 ,  10 .1 ,  11 .5 ,  14, 14 .9 ,  

19 .9 ,  2 2 .6 ,  2 3 .5 ,  26 .3  and 29.2  m inu tes .  F igure  18 i s  a 

comparison of  the  p r o f i l e  of  the  sample t h a t  was ke p t  in 

the  r e f r i g e r a t o r  a t  6 C f o r  126 hours  (A) and the  same 

sample kep t  in the  open under ambient  l a b o r a t o r y  c o n d i t i o n s  

f o r  124 hours  (B>. F ig u re  ISC i s  a s u b t r a c t e d  chromatogram 

of  the  two. These two p r o f i l e s  were o b ta in e d  w i th in  two 

hours  of  each  o t h e r ;  t h e r e f o r e  in s t ru m e n ta l  f l u c t u a t i o n s  

sho u ld  be minimized.  Minor d i f f e r e n c e s  may be no ted  a t  

3 6 .1 ,  and 48 m in u te s .  Major d i f f e r e n c e s  a re  seen  a t  2 .6 ,  

6 . 6 ,  10 .1 ,  14 .1 ,  14 .9 ,  19.9 ,  2 2 .6 ,  23 .5 ,  26 .3 ,  and 29.2 

m in u te s .  Of 137 p o i n t s  of com par ison ,  t h e r e  were 2 minor 

d i f f e r e n c e s ,  and iO somewhat l a r g e r  d i f f e r e n c e s .

A Comparison of  Forehead and 
Cheek SSL Samples

Comparisons of  the  SSL p r o f i l e s  from the  cheek and 

fo reh ead  were made in o r d e r  to  de te rm ine  whether  d i f f e r e n t  

p a r t s  of  the  face  p roduced  d i f f e r e n t  p r o f i l e s .  In  any 

c a s e ,  the  competent  i n v e s t i g a t o r  in a  f o r e n s i c  case  shou ld  

o b t a i n  samples from the  d i f f e r e n t  p a r t s  of  the  face  so t h a t  

f u r t h e r  compar isons  c o u ld  be made i f  n e c e s s a r y .  F igu re  19 

i s  a comparison  of  p r o f i l e s  of  SSL from the  fo reh e ad  (A) 

and the  cheek (B) o f  the  same i n d i v i d u a l .  Minor 

d i f f e r e n c e s  can be seen  a t  21, 2 4 .5 ,  2 6 .3 ,  3 4 .5 ,  4 0 .8 ,  and 

52 m in u te s .  Major d i f f e r e n c e s  can be seen  a t  13 .9 ,  15.4,
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Figure  18. P r o f i l e  of Sample That Was S to re d  a t  6 f o r  126 

Hours (A), P r o f i l e  of  Sample That Was S to re d  Open Under 

Ambient C o n d i t io n s  f o r  124 Hours (B) ,  and S u b t r a c t e d  

Chromatogram (C)
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Fig u re  19. P r o f i l e  of  Forehead (A) and Cheek (B) SSL From 

Same I n d iv id u a l  and S u b t r a c t e d  Chromatogram (C)
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18, 18 .2 ,  18.5 ,  18 .8 ,  19 .6 ,  23, 3 9 .7 ,  40 .5  and 5 0 .3 .  Of 

127 p o i n t s  of  com par ison ,  t h e r e  were 6 minor d i f f e r e n c e s  

and 11 major d i f f e r e n c e s .  A s i m i l a r  comparison of a n o th e r  

in d iv id u a l  i s  made in F ig u re  20. Of 123 p o i n t s  of 

comparison,  two minor d i f f e r e n c e s  can be seen a t  33.7 and 

42.7 minutes  and one major  d i f f e r e n c e  a t  15.5 m inu tes .  The 

d i f f e r e n c e  in fo reh e ad  and cheek p r o f i l e s  f o r  each  of th e se  

s u b j e c t s  was l e s s  th an  the  v a r i a t i o n  of  SSL p r o f i l e  fo r  a 

s i n g l e  i n d iv id u a l  ove r  t im e .  The s m a l l e s t  v a r i a t i o n  in 

p r o f i l e  of a s i n g l e  i n d iv i d u a l  ove r  time (F ig u re  12) was 6 

minor d i f f e r e n c e s  and fo u r  major  d i f f e r e n c e s .

£anBari89 ti o f  SS L , P ro f i l e s
I n v o lv in g  Cosmetics  

F r e q u e n t ly ,  the  most n o t a b l e  t r a c e  ev idence  of a crime 

i s  a smear of  makeup from the  v i c t im  on the  c l o t h i n g  of the  

a s s a i l a n t .  F igure  21A i s  a  SSL p r o f i l e  of  an in d iv id u a l  

w i thou t  c o s m e t i c s .  F ig u re  2 IB i s  a SSL p r o f i l e  o f  the  same 

in d iv id u a l  w i th  c o s m e t i c s .  The p r o f i l e  in  F igu re  218 was 

o b ta in e d  8 days e a r l i e r  th an  th e  one in 21A. F igu re  21C i s  

a s u b t r a c t e d  chromatogram of  the  two. Minor d i f f e r e n c e s  

can be seen  a t  22 .4  and 50 m in u te s .  Major d i f f e r e n c e s  can 

be no ted  a t  12 .9 ,  13 .7 ,  14 .3 ,  14 .9 ,  16 .1 ,  16 .7 ,  2 2 .9 ,  2 3 .3 ,  

26 .3 ,  2 8 .9 ,  3 3 .8 ,  3 6 .8 ,  4 0 .3 ,  43, and 47 m in u te s .  Of 145 

p o i n t s  of  com par ison ,  t h e r e  were 2 minor d i f f e r e n c e s  and 15 

major d i f f e r e n c e s .  Note t h a t  t h i s  d i f f e r e n c e  in p r o f i l e s  

in c lu d es  t h a t  d i f f e r e n c e  c o n t r i b u t e d  by the  p resence  of
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F ig u re  20. P r o f i l e  of  Forehead (A) and Cheek (B) SSL From 

Same I n d i v id u a l  and S u b t r a c t e d  Chromatogram (C)
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Fig u re  21. P r o f i l e  of  SSL From In d iv id u a l  With No Cosmetics 

(A) and With Cosmetics  (B) and S u b t r a c t e d  Chromatogram (C)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



81
— Reference peak21 A

i Ml

75500 25
Minutes

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



8 2

c o sm et ic s  and the  v a r i a t i o n ,  i f  any, of  an i n d i v i d u a l ' s  

p r o f i l e  over  t im e.  This  d i f f e r e n c e  was much g r e a t e r  than 

t h a t  of a s i n g l e  in d iv id u a l  over  time (F ig u re  13), 12 minor 

and 4 major d i f f e r e n c e s  and s m a l l e r  than  the  d i f f e r e n c e  

between two i n d i v i d u a l s  (F ig u re  14), 9 minor and 28 major.  

Note t h a t  most of the  c h a r a c t e r i s t i c  SSL peaks may be seen 

in bo th  p r o f i l e s .

T ra n se v a p o ra to r  E x t r a c t i o n .  Thermal 
D eso rp t io n  and C rvofocus ina

F r e q u e n t ly ,  f o r e n s i c  case  ev idence  e x i s t s  on ly  in 

t r a c e  q u a n t i t i e s .  The s imple  e x t r a c t i o n  and i n j e c t i o n  

method l a c k s  the  s e n s i t i v i t y  f o r  th e s e  small  q u a n t i t i e s .  

T h e re fo re ,  the  need f o r  a simple  e x t r a c t i o n  and 

c o n c e n t r a t i o n  method i s  a p p a r e n t .  The t r a n s e v a p o r a t o r  

method seemed I d e a l l y  s u i t e d  to  t h i s  a p p l i c a t i o n )  however, 

some m o d i f i c a t io n s  were needed to  dec rea se  the  amount of 

p h y s i c a l  m an ip u la t io n  of  the  precolumn and a n a l y t i c a l  

column. B r a z e l l  (98) r e p o r t e d  a method in which the  

v o l a t i l e s  were t r a n s f e r r e d  to  a precolumn o u t s i d e  the  gas 

chromatograph (G O .  The precolumn was th en  p h y s i c a l l y  

a t t a c h e d  to  the  a n a l y t i c a l  column. In the  p r e s e n t  

i n v e s t i g a t i o n ,  s t e p s  were t aken  to  e l i m i n a t e  t h i s .  A 

precolumn was i n s t a l l e d  in the  in s t rum en t  a lo n g  w i th  a 

commercial c ry o f o c u s in g  module. A valve  was i n s t a l l e d  

between the  t r a p  d e s o r p t i o n  fu rnace  and th en  the  precolumn 

was ro u t e d  th rough  th e  c ry o fo c u s in g  u n i t  and th en  a t t a c h e d
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t o  the  v a lv e .  When d e s o r p t i o n  o f  a t r a p  c o n t a i n i n g  sample 

was a t t e m p te d ,  i t  became a p p a r e n t  t h a t  the  flow th rough  the  

t r a p  was i n s u f f i c i e n t  to  complete  the  d e s o r p t i o n .  Even 

with  a d e s o r p t io n  time of 15 m in u te s ,  th e  r e s u l t i n g  

chromatogram showed very  small  peak h e i g h t s  f o r  some of the  

e a r l y  e l u t i n g  components and no peaks a t  a l l  f o r  some of  

the  l a t e r  e l u t i n g  components . The flow d u r in g  d e s o r p t i o n  

was on ly  1-2 mL/min because  i t  was l i m i t e d  by the  flow 

through the  a n a l y t i c a l  column. A low dead volume t ee  

f i t t i n g  was i n s t a l l e d  between the  precolumn and the  

a n a l y t i c a l  column. Opening the  t h i r d  p o r t  of  t h i s  tee  

in c re a s e d  the  flow to  200 mL/min. This  g r e a t l y  improved 

the  d e s o r p t i o n  as  ev idenced  by l a r g e r  e a r l y  peaks and the  

appearance  of  the  l a t e r  sample p e a k s .  Th is  p o r t  c o u ld  then  

be c lo s e d  a t  the  end of  the  d e s o r p t i o n  p e r i o d  and normal 

flow th rough  the  column resumed. This  m o d i f i c a t io n  a l lowed 

the  complete  d e s o r p t i o n  o f  the  t r a p  to  be accom pl ished  in 

ap p ro x im a te ly  seven m in u te s .  A r e d u c t i o n  in d e s o r p t i o n  

time r ed u c es  the  t o t a l  a n a l y s i s  t im e .  One f u r t h e r  

m o d i f i c a t io n  was the  a d d i t i o n  of  small  h e a t e r s  around the 

exposed p a r t s  of the  precolumn (F ig u re  5) in the  

c ry o fo c u s in g  u n i t .  This  s e rv e d  to  p r e v e n t  the  c o n d e n sa t io n  

of  the  sample in p a r t s  of th e  precolumn o t h e r  th a n  in the  

c ry o fo c u s in g  a r e a .  Evidence of  t h i s  was seen  in 

chromatograms taken  b e fo r e  and a f t e r  t h i s  m o d i f i c a t i o n .  

A f t e r  t h i s  m o d i f i c a t i o n ,  the  peaks  were much s h a r p e r  and
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the  p r o f i l e s  much more r e p r o d u c i b l e  in terms of r e t e n t i o n  

t im es  and r e l a t i v e  peak h e i g h t s .

A p p l i c a t i o n  of  the  t r a n s e v a p o r a t o r / t h e r m a l  d e s o r p t i o n  

method to  the  SSL samples  produced p r o f i l e s  t h a t  were 

i n c o n s i s t e n t  w i th  tho se  produced by the  s p l i t  i n j e c t i o n  of  

pen tane  e x t r a c t .  Many of the  e a r l y  peaks were reduced  in 

h e i g h t  and many of  the  l a t t e r  peaks d id  no t  show up on the  

chromatogram. V ar ious  c om bina t ions  of d e s o r p t io n  time and 

sample q u a n t i t i e s  were u t i l i z e d  but  no improvement in the  

p r o f i l e  was s e e n .  From the  p r o f i l e  t h a t  was o b t a in e d ;  

however, i t  was a p p a r e n t  t h a t  t h i s  method d id  i n c r e a s e  

s e n s i t i v i t y  over  the  s p l i t  i n j e c t i o n  method. The r e a so n  

f o r  t h i s  i s  t h a t  the  s o l v e n t  e x t r a c t i o n / s p l i t  i n j e c t i o n  

method r e s u l t s  in a  d i l u t i o n  of the  sample . I t  i s  l i m i t e d  

by the  volume of sample t h a t  can be i n j e c t e d  in to  the  

ch rom atog raph ,  a p p ro x im a te ly  3 uL. I f  t h i s  e x t r a c t  i s  

c o n c e n t r a t e d  f u r t h e r ,  the  p o s s i b i l i t y  of  c o n ta m in a t io n  

i n c r e a s e s  because  minor c o n ta m inan ts  ( i n  the  s o l v e n t ,  f o r  

example) now become more c o n c e n t r a t e d .  The t r a n s e v a p o r a t o r  

method r e s u l t s  in a c o n c e n t r a t i o n  of the  sample ,  w i th ou t  

c o n c e n t r a t i n g  any t r a c e  c o n ta m in a n ts .  All  of  the  sample 

t h a t  i s  p l a c e d  in th e  t r a n s e v a p o r a t o r  i s  t r a n s f e r r e d  to  the  

GC «
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CHAPTER 4 

CONCLUSIONS

Gas ch ro m a to g ra p h ic  p r o f i l i n g  t e c h n iq u e s  have been used 

to  i n v e s t i g a t e  the  i n d i v i d u a l i t y  of  s k in  s u r f a c e  l i p i d  (SSL) 

p r o f i l e s .  No r e f e r e n c e s  to  the  use of  SSL p r o f i l e s  in 

f o r e n s i c  c a s e s  have been found in the  c u r r e n t  l i t e r a t u r e .

Of the  23 s u b j e c t s  s t u d i e d ,  i t  was found t h a t  the  SSL 

p r o f i l e  v a r i e d  from one s u b j e c t  to  a n o t h e r .  However, the  

minimum v a r i a t i o n  found between two s u b j e c t s  was found to  be 

ap p ro x im a te ly  e q u a l  to  the  maximum v a r i a t i o n  of  the  p r o f i l e  

of  one s u b j e c t  ove r  t im e .  This  i n d i c a t e s  t h a t  i t  i s  very 

p ro b ab le  t h a t  SSL p r o f i l e s  a re  i n d iv i d u a l  in n a tu r e  but  the  

sample p r e p a r a t i o n  te c h n iq u e  may need to  be more s e l e c t i v e  

in o r d e r  to  o b t a i n  t h e s e  c h a r a c t e r i s t i c  p r o f i l e s .  V a r i a t i o n  

in the  i n d iv i d u a l  p r o f i l e s  over  time may be reduced  by 

l i m i t i n g  the  s tu d y  to  a p a r t i c u l a r  f r a c t i o n  of  the  l i p i d s .

In a d d i t i o n  i t  would be much e a s i e r  to  u t i l i z e  a much l e s s  

complex p r o f i l e  in  th e  a p p l i c a t i o n  of p a t t e r n  r e c o g n i t i o n  

t e c h n iq u e s  because  o f  improved peak r e s o l u t i o n .

The e f f e c t s  o f  w e a th e r in g  on a sample were 

d e m o n s t ra te d .  The major  changes  o c c u r re d  in the  f i r s t  25 

minutes  of  the  chromatogram. The g e n e r a t i o n  o f  new peaks in 

t h i s  a r e a  i n d i c a t e s  th e  d e g r a d a t i o n  of  of  the  sample when 

exposed to  ambient  c o n d i t i o n s .  D egrad a t io n  may inc lud e  the

85
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h y d r o l y s i s  of  the  t r i a c y l g l y c e r o l s  to  f a t t y  a c i d s  and 

g l y c e r o l  o r  mono- and d i g l y c e r i d e s .  O x id a t io n  of 

u n s a t u r a t e s  may produce  a ld e h y d e s ,  k e to n e s ,  and c a r b o x y l i c  

a c i d s .  The more complex compounds would e l u t e  l a t e  in the  

chromatogram and i t s  s m a l l e r  d e g ra d a t io n  p ro d u c t s  would 

e l u t e  e a r l i e r  in th e  chromatogram. I t  was shown t h a t  

s t o r a g e  a t  6 ' C in a c lo s e d  v i a l  p rev e n ted  most major changes 

in the  sample .  Th is  i n d i c a t e s  t h a t  mois t  a i r  and the 

p resence  of  m icroorganisms speed up the  d e g r a d a t i o n .

S to rag e  in a coo l  l o c a t i o n  slows the  r e a c t i o n s .  Fu tu re  work

shou ld  in c lu de  the  f r a c t i o n a t i o n  of the  SSL and the  

i n v e s t i g a t i o n  of  which f r a c t i o n  is  l e a s t  a f f e c t e d  by 

w e a th e r in g .  I t  i s  t h i s  f r a c t i o n  t h a t  w i l l  be of most 

i n t e r e s t  in f o r e n s i c  work, s in c e  samples of  t h i s  n a tu r e  w i l l  

l i k e l y  have been a f f e c t e d  to  some e x t e n t  by w ea th e r in g .

SSL from the  fo reh e ad  and cheek were compared and i t  

was found t h a t  o n ly  very  minor d i f f e r e n c e s  were no ted  in the  

p r o f i l e s .  The use of  c o sm e t ic s  markedly changed the

p r o f i l e ;  however,  t h i s  may prove to  be even more u se fu l  in

the  i n v e s t i g a t i o n  o f  c r im es  of v i o l e n c e .  The combined 

SSL/cosmetic  p r o f i l e  shou ld  lend  more i n d i v i d u a l i t y  than  

e i t h e r  a lo n e .  In a d d i t i o n ,  i t  may be p o s s i b l e  to  i d e n t i f y  

the  c l a s s  and p e rh a p s  the  b rand  of c o sm et ic  in o r d e r  to  

c o n t r i b u t e  a n o th e r  p o i n t  of  ev idence  to  the  i n v e s t i g a t i o n .  

Fu tu re  work may i n v e s t i g a t e  the  p o s s i b i l i t y  of 

d i f f e r e n t i a t i n g  the  p r o f i l e s  by sex and r a c e .  C e r ta in
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occu p a t io n s  may a l s o  be i d e n t i f i e d ,  p a r t i c u l a r l y  those  

invo lv ing  v o l a t i l e  o r g a n i c s  in the  workplace a i r  o r  sk in  

c o n ta c t  w ith  o r g a n ic  s u b s t a n c e s .

The m o d i f i c a t io n s  to  the  t r a n s e v a p o r a t o r  and the  

c ry o fo c u s in g  u n i t  improved t h i s  sampling  method by 

e l i m i n a t i n g  the m a n ip u la t io n  of  the  precolumn. The r e s u l t s  

of the  use of  the  t r a n s e v a p o r a t o r  i n d i c a t e  t h a t  i t  can y i e l d  

the  needed s e n s i t i v i t y .  However, more e x p e r im e n ta t io n  is  

needed in the  a r e a  o f  t r a p  d e s o r p t i o n  b e fo re  the  e f f i c a c y  of 

i t s  use can be c o m p le t e ly  e s t a b l i s h e d .
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