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FORENSIC EXPLOSIVES AND FIREARMS TRACES: TRAPPING OF 

HPLC PEAKS FOR GAS CHROMATOGRAPHY 

J .  8. F .  Lloyd 

Home O f f i c e  F o r e n s i c  S c i e n c e  L a b o r a t o r y  

Gooch S t r e e t  N o r t h  

Birmingham B 5  688, U.K. 

( B r i t i s h  Crown c o p y r i g h t  r e s e r v e d )  

ABSTRACT 

T r a c e  amounts  of  e x p l o s i v e s  compounds, s e p a r a t e d  

f rom c l e a n e d - u p  e x t r a c t s  o f  handswabs  and  c l o t h i n g  

d e b r i s  by  h igh -pe r fo rmance  l i q u i d  c h r o m a t o g r a p h y ,  may b e  

t r a p p e d  from t h e  ch romatography  e f f l u e n t  o n t o  a p o r o u s  

polymer  ( a c r y l o n i t r i l e  o r  m e t h a c r y l a t e  c o p o l y m e r )  

microcolumn f o r  c o n f i r m a t o r y  e x a m i n a t i o n  by  gas 

ch romatography  ( G C ) .  The microcolumn e l u a t e  is i n j e c t e d  

d i r e c t l y  i n t o  a GC r e t e n t i o n  g a p  of  u n m o d i f i e d  s i l i c a ,  

whereby e x p l o s i v e s  down t o  HMX i n  v o l a t i l i t y  may b e  

ch romatographed .  R e t e n t i o n  g a p s  w i t h  v a r i o u s l y  m o d i f i e d  
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s u r f a c e s  h a v e  u s u a l l y  g i v e n  d i s t o r t e d  c h r o m a t o g r a m s .  The  

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

c o n c e n t r a t i o n  p r o c e d u r e s  i n  t h e  sample work-up ,  a n d  

m i n i m i z e s  a n y  q u e s t i o n  o f  w h e t h e r  t h e  c o n f i r m a t o r y  

t e c h n i q u e  is r e s p o n d i n g  t o  t h e  r e l e v a n t  c o m p o n e n t .  

A r e c e n t  paper  d e m o n s t r a t e d  t h a t  t races  o f  RDX a n d  

PETN may p e r s i s t  i n  r e a d i l y  d e t e c t e d  a m o u n t s  on s k i n  

s u r f a c e s  f o r  p e r i o d s  o f  up  t o  a week f o l l o w i n g  a s i n g l e  

c o n t a c t  w i t h  t h e  e x p l o s i v e  S e m t e x l .  T h e  a n a l y s e s  were 

h a s e d  on h i g h - p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  (HPLC) 

w i t h  e l e c t r o c h e m i c a l  r e d u c t i v e  d e t e c t i o n .  F o r  

c o n f i r m a t i o n  o f  t h e i r  i d e n t i t i e s  t h e  HPLC p e a k s  were 

t r a p p e d  o u t  a n d  e x a m i n e d  by gas c h r o m a t o g r a p h y  ( G C )  

w i t h  a T h e r m a l  E n e r g y  A n a l y s e r  (TEA) d e t e c t o r .  The  

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

and  o f  t h e i r  more  g e n e r a l  a p p l i c a t i o n .  

EXPERIMENTAL 

D e a k - t  r a D D  

T h e  HPLC is  c o n d u c t e d  a c c o r d i n g  t o  p r e v i o u s l y  

d e s c r i b e d  p r o c e d u r e s 2 .  Columns  (15 c m  * 4 . 6  m m )  of 

H y p e r s i l - O D s ,  3 p m ,  a r e  e l u t e d  a t  1 ml /min  w i t h  
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d e o x y g e n a t e d  m e t h a n o 1 : a q u e o u s  p h o s p h a t e  (pH 3 ) ,  1 0 0 : 8 6  

v / v ,  a t  40OC. The  p e n d e n t  m e r c u r y  d r o p  e l e c t r o d e  

(PMDE) d e t e c t o r  i s  a P r i n c e t o n  A p p l i e d  R e s e a r c h  m o d e l  

3 1 0 ,  t h e  i n l e t  l i n e  a n d  e l u e n t  j e t  o f  w h i c h  h a v e  b e e n  

r e p l a c e d  w i t h  a l e n g t h  o f  s i l i c a  c a p i l l a r y  t u b i n g ,  0 . 3 2  

mm i . d . ,  t o  i m p r o v e  t h e  e l e c t r i c a l  i n s u l a t i o n  b e t w e e n  

t h e  d e t e c t o r  and  t h e  c h r o m a t o g r a p h .  T h e  d i s t a n c e  b e t w e e n  

t h e  end  o f  t h e  c a p i l l a r y  ( f r o m  w h i c h  t h e  HPLC e f f l u e n t  

p r o j e c t s  o n t o  t h e  PMDE) a n d  t h e  b a s e  of  t h e  m e r c u r y  d r o p  

is a d j u s t e d  t o  0 . 3 5  m m ,  w i t h  a d r o p  d i a m e t e r  o f  0 . 9  m m .  

T h e  p o t e n t i a l  o f  t h e  d r o p  i s  h e l d  a t  - 1 . 0  V ys. A g / A g C l .  

F o r  a n a l y t i c a l  work t h e  i n j e c t i o n  v o l u m e  o f  t h e  

d e o x y g e n a t e d  samples  i s  10  p l .  T h i s  is v a r i e d  u p  t o  

5 0  pl f o r  t h e  p e a k - t r a p p i n g  when o n l y  small  a m o u n t s  o f  

e x p l o s i v e s  are p r e s e n t .  

A 4 - p o r t  s a m p l i n g  v a l v e  i s  i n s e r t e d  b e t w e e n  t h e  

HPLC column a n d  t h e  d e t e c t o r .  T h i s  e n a b l e s  s e l e c t e d  

p e a k s  t o  b e  d i v e r t e d  f r o m  t h e  d e t e c t o r  l i n e  t o  a 

m i c r o c o l u m n  i n s t a l l e d  i n  o n e  o f  t h e  two r e m a i n i n g  p o r t s .  

T h e  m i c r o c o l u m n  ( l e n g t h ,  75 mm;  i . d . ,  1 mm) is p a c k e d  

w i t h  e i t h e r  Chromosorb-104 ( J o h n s - M a n v i l l e ;  a n  

a c r y l o n i t r i l e  c o p o l y m e r ) ,  125-150 pm, o r  P o r a p a k - T  

(Waters A s s o c . ;  a m e t h a c r y l a t e  c o p o l y m e r ) ,  75-100 pm. 

T h e  C h r o m o s o r b  i s  s l i g h t l y  t h e  more r e t e n t i v e  a d s o r b e n t ,  

and  h a s  b e e n  u s e d  f o r  m o s t  o f  t h e  w o r k .  However ,  t o  

accommodate  i ts  much g r e a t e r  d e g r e e  o f  s w e l l i n g  a n d  
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c o n t r a c t i o n  as t h e  c o m p o s i t i o n  o f  a n  e l u e n t  i s  v a r i e d ,  a 

p t f e  column t u b e  i s  u s e d  w h e r e a s  s t a i n l e s s  s t e e l  may b e  

u s e d  f o r  t h e  P o r a p a k .  I n  e i t h e r  case t h e  co lumn 

l i f e t i m e  i s  p r o l o n g e d .  To t h e  4 t h  p o r t  o f  t h e  v a l v e  i s  

c o n n e c t e d  a m i c r o s y r i n g e  ( 5 0 0  pl, p t f e - t i p p e d  p l u n g e r )  

f i t t e d  w i t h  a m i c r o m e t e r  screw g a u g e .  T h i s  e n a b l e s  

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

m i c r o c o l u m n  w h i l s t  t h e  HPLC e f f l u e n t  is d i r e c t e d  t o  t h e  

d e t e c t o r  a f t e r  t h e  c o l l e c t i o n  o f  a n  HPLC p e a k .  The  

m i c r o c o l u m n  is e l u t e d  w i t h  e t h y l  a c e t a t e : a c e t o n i t r i l e ,  

3 : 2  v / v ,  o f  w h i c h  20  p l  f o l l o w i n g  t h e  b r e a k - t h r o u g h  

volume (m. 50 pl) is c o l l e c t e d  i n  a s i l a n i z e d  g l a s s  

m i c r o c o n e .  T h e  b r e a k - t h r o u g h  v o l u m e  may b e  d e t e r m i n e d  

b e f o r e h a n d  as t h e  p o i n t  a t  w h i c h  t h e  e f f l u e n t  w e t s  

s i l a n i z e d  f i l t e r  p a p e r ;  t h e  HPLC e f f l u e n t  d i s p l a c e d  from 

t h e  m i c r o c o l u m n  d o e s  n o t  d o  s o .  A f t e r  a p e a k - t r a p p i n g  

t h e  m i c r o c o l u m n  is washed  w i t h  100 p 1  o f  t h e  e t h y l  

a c e t a t e  m i x t u r e  a n d  t h e n  f l u s h e d  w i t h  a s imi l a r  v o l u m e  

o f  t h e  HPLC e l u e n t .  

7 
The c h r o m a t o g r a p h  i s  f i t t e d  w i t h  a n  on-column 

i n j e c t o r ,  f o l l o w e d  b y  a 2 m r e t e n t i o n  gap3 of 0 . 3 2  mm 

i . d .  s i l i c a  c a p i l l a r y  w i t h  an  u n m o d i f i e d  s u r f a c e  (Thames  

C h r o m a t o g r a p h y ,  U . K . )  and  a 5-m l e n g t h  o f  0 . 3 2  mm i . d .  

s i l i c a  c a p i l l a r y  co lumn s u p p o r t i n g  a bonded p h a s e  o f  

SE52, 0 . 5  pm (same s u p p l i e r ) .  T h e  r e t e n t i o n  gap ( w h i c h  
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is  r e g u l a r l y  r e p l a c e d )  and  t h e  co lumn a r e  j o i n e d  w i t h  a 

g l a s s  p r e s s - f i t  c o n n e c t o r * ;  metal  c o n n e c t i o n s  c a n  

c a u s e  s e v e r e  p e a k  d i s t o r t i o n .  T h i s  a r r a n g e m e n t  

accommodates  sample i n j e c t i o n s  o f  up t o  4 pl. T h e  

c h r o m a t o g r a p h  is t e m p e r a t u r e - p r o g r a m m e d  f r o m  60-23OOC 

w i t h  a n  i n l e t  c a r r i e r  gas ( H e )  p r e s s u r e  o f  1 Kg/cm* (12 

ml/min a t  60OC). 

The TEA i n s t r u m e n t a t i o n  (Thermo E l e c t r o n )  u s e d  f o r  

t h e  GC d e t e c t i o n  i n c l u d e s  a model  543 a n a l y s e r ,  

m o d i f i e d  t o  i m p r o v e  i t s  r e s p o n s e  c h a r a c t e r i s t i c s 5 , 8 ,  a n d  

a model  610 f u r n a c e  m a i n t a i n i n g  t h e  p y r o l y s i s  t u b e  a t  

850OC. 

S a m D l i n @  Um 

E x p l o s i v e s  and  f i r e a r m s  r e s i d u e s  a re  c o l l e c t e d  

f r o m  s k i n  s u r f a c e s  on s w a b s  of  unwoven c o t t o n  c l o t h  

m o i s t e n e d  w i t h  a q u e o u s  i s o p r o p a n o l ,  and  f r o m  c l o t h i n g  

b y  a v a c u u m i n g  o n t o  membrane f i l t e r s .  I n  b o t h  cases t h e  

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

u n d e r  a q u e o u s  c o n d i t i o n s  t o  p r o d u c e  60 pl o f  a n  a q u e o u s  

a c e t o n i t r i l e  c o n c e n t r a t e  f o r  t h e  HPLC s e p a r a t i o n .  T h e  

d e t a i l s  a r e  f u l l y  d e s c r i b e d  e l s e w h e r e 2 . 7 .  

An e x a m p l e  o f  t h e  HPLC s e p a r a t i o n  o f  a s t a n d a r d  

m i x t u r e  of 18 e x p l o s i v e s  is g i v e n  i n  F i g u r e  1. T h e  
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i d e n t i t i e s  o f  t h e  p e a k s  a r e  l i s t e d  i n  o r d e r  o f  t h e  

r e t e n t i o n  t i m e s  i n  T a b l e  1. 

TABLE 1 

HPLC P e a k  I d e n t i t i e s  a n d  R e t e n t i o n  T i m e s  ( R T ) ,  F i g u r e  1 

E x p l o s i v e s  Compound RT ( s )  

N i t r o g u a n  i d  i n  e 8 8 . 7  

Cyclotetramethylenetetranitramine, o c t o g e n  ( H M X )  1 0 8 . 5  

S t y p h n i c  a c i d  

P i c r i c  a c i d  

C y c l o  t r  i m e t h y l e n e  t r i n  i t r a m i n e ,  h e x o g e n  ( R D X )  

E t h y l e n e  g l y c o l  d i n i t r a t e  (EGDN) 

I s o s o r b i d e  d i n i t r a t e  ( ISDN) 

1 , 3 - D i n i t r o b e n z e n e  (DNB) 

T r i n i t r o - 2 , 4 , 6 - p h e n y I m e t h y l n i t r a m i n e ,  ( T E T r y l )  

N i t r o b e n z e n e  (NB) 

G l y c e r o l  t r i n i t r a t e ,  n i t r o g l y c e r i n  (NG) 

2 , 4 , 6 - T r i n i t r o t o l u e n e  (TNT) 

2 , 6 - D i n i t r o t o l u e n e  (26DNT) 

2 , 4 - D i n i t r o t o l u e n e  (24DNT) 

2 - N i t r o t o l u e n e  (2NT) 

4-N i t r o  t o l u e n e  (4NT ) 

3 - N i t r o t o l u e n e  (3NT) 

P e n t a e r y t h r i t o l  t e t r a n i t r a t e  (PETN) 

1 1 6 . 5  

1 2 8 . 3  

1 5 0 . 5  

1 7 2 . 5  

2 0 6 . 8  

235.2 

2 4 5 . 0  

2 7 4 . 8  

2 8 3 . 1  

2 9 8 . 5  

3 3 7 . 5  

3 4 6 . 5  

4 1 7 . 4  

4 4 6 . 0  

4 7 7 . 4  

4 9 1 . 4  
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The t r a p p i n g  p r o c e d u r e  was d e v e l o p e d  t o  e n s u r e  t h a t  

i n  t h e  c h a r a c t e r i s a t i o n  o f  a n  H P L C - d e t e c t e d  c o m p o n e n t  

o t h e r  t e c h n i q u e s ,  s u c h  as GC/TEA, r e f e r r e d  s p e c i f i c a l l y  

t o  t h a t  c o m p o n e n t ,  w i t h i n  t h e  l i m i t s  o f  t h e  r e s o l u t i o n  

o f  t h e  HPLC a p p l i e d  t o  t h e  m i x t u r e  i n  q u e s t i o n .  

D e s p i t e  t h e  h i g h  f l o w  r a t e  o f  t h e  HPLC e l u e n t  

d i v e r t e d  t h r o u g h  t h e  m i c r o c o l u m n  (m.  2 c m / s ) ,  t h e  

t r a p p i n g  e f f i c i e n c y  is a d e q u a t e  f o r  q u a l i t a t i v e  w o r k .  

The  e f f i c i e n c i e s  f o u n d  i n  e x p e r i m e n t s  i n  w h i c h  4-10 n g  

a m o u n t s  o f  e x p l o s i v e s  were t r a p p e d  o u t  are  g i v e n  i n  

T a b l e  2 .  T h e  d e t e r m i n a t i o n s  were made b y  t h e  

r e i n j e c t i o n  i n t o  t h e  HPLC o f  t h e  t r a p p e d  p e a k  a n d  a n  

i n t e r n a l  s t a n d a r d  ( 6 - n i t r o q u i n o l i n e ) .  The  m i c r o c o l u m n  

e l u t i o n  h e r e  was w i t h  n e a t  a c e t o n i t r i l e  ( e t h y l  ace ta te ,  

t h e  o t h e r  u s u a l  c o m p o n e n t ,  p e r t u r b s  t h e  r e s p o n s e  o f  t h e  

d e t e c t o r ) .  A s  t h e  mixed  e l u e n t  g ives  p r a c t i c a l l y  

c o m p l e t e  e l u t i o n ,  t h e r e  is u n l i k e l y  t o  b e  a s i g n i f i c a n t  

e f f e c t  on t h e  r e s u l t s  d u e  t o  t h i s  s t r o n g e r  e l u e n t .  

G i v e n  t h a t  t h e  compromise  b e t w e e n  c o n v e n i e n c e  a n d  

s p e c i f i c i t y  is a c c e p t a b l e ,  s e v e r a l  p e a k s  may b e  t r a p p e d  

on a co lumn a n d  e l u t e d  t o g e t h e r ,  a l t h o u g h  t h e r e  may b e  

some l o s s  o f  t h e  e a r l i e r  t r a p p e d  mater ia l  d u e  t o  

b r e a k t h r o u g h  d u r i n g  a l a t e r  t r a p p i n g .  T h e  2nd  s e t  of 

R D X  r e s u l t s  i n  T a b l e  2 is  a n  example. T h e s e  were 

o b t a i n e d  a f t e r  t h e  l o n g e r  r e t a i n e d  PETN h a d  b e e n  t r a p p e d  

o u t  f r o m  t h e  same c h r o m a t o g r a m s .  The  v a r i a b i l i t y  
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e x h i b i t e d  by e a c h  s e t  o f  r e s u l t s  i s  p r o b a b l y  d u e  t o  

v a r y i n g  l e v e l s  of  d r a i n a g e  o f  t h e  s a m p l e s  o u t  of  t h e  

s y r i n g e  u s e d  f o r  t h e i r  d e o x y g e n a t i o n  p r i o r  t o  t h e  HPLC 

i n j e c t  i o n .  

TABLE 2 

Microcolumn T r a p p i n g  R e c o v e r i e s  

E x p l o s i v e  Amount ( n g )  Recove ry  ( X )  

HMX 10 7 3 . 1 ,  6 5 . 0  

RDX 10 7 4 . 6 ,  8 4 . 9 ,  7 7 . 8 ,  7 3 . 7  

RDX 6 (PETN 2 n d )  5 0 . 3 ,  5 0 . 7 ,  4 9 . 8 ,  69 .5 ,  55.9 

NG 10 7 9 . 8 ,  7 4 . 7  

PETN 4 5 3 . 9 ,  6 0 . 9 ,  5 7 . 1 ,  6 6 . 3 ,  7 1 . 8  

The p r e s e n c e  o f  t h e  e t h y l  a c e t a t e  i n  t h e  

microcolumn e l u e n t  i s  n e c e s s a r y  t o  e n s u r e  t h a t  t h e  

s u r f a c e  o f  t h e  GC r e t e n t i o n  g a p  is w e t t e d  and t h a t  t h e  

v o l a t i l i t y  of  t h e  m i x t u r e  is c o m p a t i b l e  w i t h  t h e  GC 

c o n d i t i o n s .  I f  t h e s e  r e q u i r e m e n t s  a re  n o t  m e t ,  d i s t o r t e d  

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

e x p l o s i v e s  v a r y i n g  i n  v o l a t i l i t y  f rom EGDN t o  HMX t o  b e  

ch romatographed  w i t h  a r u n - t i m e  o f  7 min .  An example  

from a 4 -p l  i n j e c t i o n  of  a s t a n d a r d  m i x t u r e  is g i v e n  i n  

F i g u r e  2 .  

Some d e g r e e  of  p e a k  d i s t o r t i o n  i s  o f t e n  a p p a r e n t .  

Thus i n  t h e  case O F  F i g u r e  2 HMX i s  t a i l e d .  T h i s  and 
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o t h e r  e f f e c t s ,  t o  w h i c h  t h e  l e s s  v o l a t i l e  e x p l o s i v e s  and  

NG a r e  p a r t i c u l a r l y  s u s c e p t i b l e ,  h a v e  v a r i e d  b e t w e e n  GC 

c a p i l l a r y  c o l u m n s  o f  t h e  same t y p e  - more  e s p e c i a l l y  

b e t w e e n  c o l u m n s  f r o m  d i f f e r e n t  m a n u f a c t u r e r s .  A l s o ,  

d i f f e r e n t  c lasses  o f  e x p l o s i v e s ,  u. n i t r a m i n e s  a n d  

n i t r a t e  e s t e r s ,  a re  d i f f e r e n t i a l l y  a f f e c t e d .  The  

u n c o a t e d  s i l i c a  t u b i n g  u s e d  a s  a r e t e n t i o n  gap h a s  a l s o  

c a u s e d  a s i m i l a r  v a r i a t i o n .  

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

f o r  u s e  i n  e x p l o s i v e s  w o r k .  T h e s e  i n c l u d e d :  two l o t s  o f  

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

t u b i n g  s i l a n i z e d  f o l l o w i n g  p u b l i s h e d  p r o c e d u r e s 8  a n d  

o t h e r s ;  a n d  t u b i n g  t r e a t e d  u n d e r  a v a r i e t y  o f  c o n d i t i o n s  

w i t h  a c i d s  and  a l k a l i s ,  w i t h  c h e l a t i n g  a g e n t s .  w i t h  

d e t e r g e n t s ,  and  w i t h  c a r b o w a x .  I n  g e n e r a l  t h e  p r o d u c t s  

were i n f e r i o r  t o  t h e  s p e c i f i e d  ( E x p e r i m e n t a l )  u n m o d i f i e d  

s i l i c a  t u b i n g .  I n  e v e r y  case t h e  p e r f o r m a n c e  

d e t e r i o r a t e d  a f t e r  a few d a y s '  u s e ,  p r e s u m a b l y  b e c a u s e  

oE mater ia l  r e t a i n e d  i n  t h e  gap. The  p e r f o r m a n c e  was 

n o t  f u l l y  r e s t o r e d  when a f t e r w a r d s  t h e  g a p s  were washed  

o r  t h e  d e a c t i v a t i o n  r e p e a t e d .  

A f e w  e x a m p l e s  o f  v a r i a t i o n  c a u s e d  b y  d i f f e r e n t  

r e t e n t i o n  gaps t o  t h e  NG-HMX r e g i o n  a re  g i v e n  i n  F i g u r e  

3:  ( A )  o n e  b a t c h  o f  u n c o a t e d  t u b i n g  c a u s e d  t a i l i n g  

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

( B )  H H X  was l o s t  e n t i r e l y ,  and  PETN and NG were l o s t  
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s u b s t a n t i a l l y ,  on a m a r k e t e d  d e a c t i v a t e d  p r o d u c t ;  ( C )  a n  

a c i d - w a s h e d  g a p  c a u s e d  severe  t a i l i n g  o f  HMX and l o s s e s  

o f  NG and  P E T N ;  ( D )  a f t e r  t h i s  l a s t  gap had  b e e n  

s i l a n i z e d  PETN w a s  lost a l m o s t  c o m p l e t e l y .  The  c h o s e n  

p r o c e d u r e  h a s  b e e n  t h e  u s e  o f  r e t e n t i o n  g a p s  o f  s e l e c t e d  

u n m o d i f i e d  s i l i c a ,  w h i c h  are  r e p l a c e d  when a n y  

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

a f t e r  s e v e r a l  d a y s '  u s e .  U n d e r  t h e  c o n d i t i o n s  t h e  

l i f e t i m e  o f  t h e  a n a l y t i c a l  c a p i l l a r y  co lumn is  

u n r e s t r i c t e d ;  a n d  t h e  common n e c e s s i t y  f o r  t h e  p e r i o d i c  

r e m o v a l  o f  t h e  d e t e r i o r a t e d  f r o n t  s e g m e n t  f r o m  c o l u m n s  

s u b j e c t  to on-column i n j e c t i o n  is a v o i d e d .  

E x a m p l e s  o f  t h e  r e s u l t s  f r o m  some t r a p p i n g  

e x p e r i m e n t s  are  shown i n  F i g u r e s  4 a n d  5 .  F i g u r e  4 A i s  

t h e  HPLC r e s u l t  f r o m  a h e a v i l y  c o n t a m i n a t e d  h a n d s w a b  t o  

w h i c h  2 n g  o f  NG had  b e e n  a d d e d .  T h e  i n d i c a t e d  a r e a  was 

t r a p p e d  t o  g i v e  t h e  GC/TEA r e s p o n s e  shown u p p e r m o s t  a t  

B .  The  r e t e n t i o n  t i m e  o f  t h e  p e a k  a s s i g n e d  t o  NG was 

w i t h i n  0 . 3  s o f  a n  a d j a c e n t  s t a n d a r d .  No r e s p o n s e  was 

o b t a i n e d  i n  a c o m p a r a b l e  e x p e r i m e n t  on a n  u n s p i k e d  swab 

( B ,  l o w e r  t r a c e ) .  F i g u r e  5 A s h o w s  a p a i r  o f  GC/TEA 

r e s u l t s  o b t a i n e d  f r o m  a r t i c l e s  o f  c l o t h i n g ,  o n e  o f  w h i c h  

w a s  known t o  h a v e  b e e n  i n  c o n t a c t  w i t h  f i r e a r m s  

d i s c h a r g e  r e s i d u e .  The  HPLC r e s u l t  i n d i c a t e d  tlie 

p r e s e n c e  o f  1 . 8  n g  o f  NG on t h e  c l o t h i n g ,  t h e  shown 

c h r o m a t o g r a m  c o n f i r m e d  t h e  i d e n t i f i c a t i o n .  The  weak 
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e a r l y  p e a k  i n  t h e s e  c h r o m a t o g r a m s  is d u e  t o  a n  i m p u r i t y  

i n  o n e  o f  t h e  s o l v e n t s .  F i g u r e  5 €3 shows t h e  r e s u l t  

f r o m  a m u l t i p l e  t r a p p i n g .  Here, e a c h  p e a k  was t r a p p e d  

f r o m  a s i n g l e  c h r o m a t o g r a m  o f  a n  e x t r a c t  o f  a h a n d s w a b .  

The  swab had b e e n  s p i k e d  w i t h  5 n g - a m o u n t s  o f  TNT, PETN 

a n d  RDX. 

When o n l y  t r a c e s  of  e x p l o s i v e s  a r e  p r e s e n t  e i t h e r  

GC/TEA o r  HPLC/PMDE a p p l i e d  a l o n e  t o  a t y p i c a l  e x t r a c t  

w i l l  p r o d u c e  a n  u n c o n f i r m e d  r e s u l t  b a s e d  on a 

c h r o m a t o g r a m  i n  w h i c h  a number  o f  i r r e l e v a n t  c o m p o n e n t s  

a r e  l i k e l y  t o  b e  p r e s e n t  i n  s i g n i f i c a n t  r e l a t i v e  

a m o u n t s .  B o t h  t e c h n i q u e s  a r e  a f f e c t e d ,  u s u a l l y  t h e  HPLC 

t e c h n i q u e  t o  t h e  g r e a t e r  e x t e n t ,  b u t  as t h e  e x a m p l e s  

show t h e  a m b i g u i t y  may b e  r e s o l v e d  b y  t h e  d e s c r i b e d  

p r o c e d u r e .  The  p r o c e d u r e  i s  n o t  d e s i g n e d  f o r  TEA 

d e t e c t . i o n  s p e c i f i c a l l y ,  a l t h o u g h  m o s t  c a s e w o r k  

a p p l i c a t i o n s  t o  d a t e  h a v e  made u s e  o f  t h i s  GC d e t e c t i o n  

mode. R e c e n t  work  i n d i c a t e s  t h a t  t h e  much grea te r  

i n f o r m a t i o n  c o n t e n t  of mass s p e c t r o m e t r i c  d e t e c t i o n  may 

b e  a n a l o g o u s l y  e x p l o i t e d .  
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M 20 nA 
a, 
si 

- 

I I 
0 sec 540 

FIGURE 1 
H P L C / r e d u c t i v e  d e t e c t i o n  of a s t a n d a r d  m i x t u r e  o f  
e x p l o s i v e s  c o m p o u n d s ,  5-20 n g  a m o u n t s  i n  a 10 p l  
i n j e c t i o n .  R e t e n t i o n  t i m e s  ( s )  are  s u p e r s c r i p t e d  on t h e  
p e a k s .  T h e  p e a k  i d e n t i t i e s  a re  g i v e n  i n  T a b l e  1. 
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0 sec 420 

FIGURE 2 
GC/TEA t race  from a s t a n d a r d  m i x t u r e ;  TEA a t t e n u a t i o n ,  
*64. E a c h  compound,  m. 0 . 4  n g  except  ISDN ( 0 . 8  n g ) .  
R e t e n t i o n  t i m e s  ( s )  a re  s u p e r s c r i p t e d  on t h e  p e a k s :  EGDN 
2 6 . 9 ;  NB 3 1 . 3 ;  2NT 4 7 . 3 ;  3NT 5 5 . 9 ;  4NT 6 0 . 3 ;  NG 111.0; 
DNB 128.0 ;  26DNT 1 3 2 . 2 ;  24DNT 1 5 1 . 7 ;  ISDN 174 .9 ;  TNT 
1 9 8 . 4 ;  PETN 2 2 4 . 4 ;  RDX 2 4 0 . 0 ;  TET 2 8 5 . 3 ;  HMX 397.2 s .  
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c D 

I I 
90 sec 420 

I I 
90 sec 420 

FIGURE 3 
Examples of effects of variation in the silica retention 
gap, NG - HMX region, otherwise conditions as in Fig. 2: 
( A )  bare silica (different batch), untreated; ( B )  
commercial product sold as deactivated; ( C )  bare silica, 
phosphoric acid/acetone washed; (D) latter silanized 
(hexamethyldisilazane): arbitrary scales, actual 
responses to DNB and DNT peaks were similar throughout. 
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A 

I I 

0 sec 600 

F I G U R E  4 

- 
0 sec 210 

Used handswab spiked with 2 ng of nitroglycerin: (A) 
HPLC/PMDE of an extract representing 17% of the 
swab; (B, uppermost) GC/TEA of  the trapped HPLC peak, 
representing u. 20% of the swab; ( 8 ,  lower) the same 
area trapped from a blank used swab. TEA attenuation, *8. 
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A 

NG 

B 

RDX 

TNT 

I 1 1 1 

0 sec 300 0 sec 300 

FIGURE 5 
GC/TEA r e s u l t s  f r o m  t r a p p e d  HPLC p e a k s :  ( A ,  u p p e r m o s t )  NG 
p e a k  f r o m  c l o t h i n g  w i t h  a known f i r e a r m s  a s s o c i a t i o n  - 
t h e  HPLC r e s u l t  i n d i c a t e d  the p r e s e n c e  o f  1 . 8  n g  o f  NG on 
t h e  j a c k e t  c o n c e r n e d ;  ( A ,  l o w e r )  t h e  NG r e g i o n  f r o m  
u n c o n t a m i n a t e d  c l o t h i n g ;  ( B )  TNT, PETN a n d  RDX f r o m  a 
swah s p i k e d  w i t h  5 n g  o f  e a c h .  TEA a t t e n u a t i o n ,  *16 in 
e a c h  ca se .  

16 

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



1. 

2. 

3.  

4 .  

5. 

6. 

7 .  

8 .  

J .  B .  F .  Lloyd and R .  M .  K ing ,  i n  " P r o c e e d i n g s ,  
T h i r d  I n t e r n a t i o n a l  Symposium on A n a l y s i s  and 
D e t e c t i o n  of E x p l o s i v e s , "  ICT, Mannheim, FRG, 1 9 8 9 ,  
p .  9-1 .  

J .  B .  F .  L l o y d ,  Second I n t e r n a t i o n a l  Symposium on 
A n a l y s i s  and D e t e c t i o n  o f  E x p l o s i v e s ,  I s r a e l ,  1986;  
J .  E n e r g e t i c  M a t e r i a l s ,  4, 239 ( 1 9 8 6 ) .  

K .  Grob and B .  S c h i l l i n g ,  J .  C h r o m a t o g r . ,  m, 3 
( 1 9 8 7 ) .  

E .  R .  Rohwer, V .  P r e t o r i u s  and P .  J .  Apps,  J .  High  
R e s o l u t .  Chromatogr .  Commun., 9, 295 ( 1 9 8 6 ) .  

J .  H .  F .  Douse ,  J .  C h r o m a t o g r . ,  m, 181 (1987) .  

D .  A .  C o l l i n s ,  J .  C h r o m a t o g r . ,  i n  t h e  p r e s s .  

J .  B .  F .  L loyd  and R .  M .  King ,  J .  F o r e n s .  S c i . ,  i n  
t h e  p r e s s .  

K .  Grob ,  G .  Grob, W .  Blum and W .  W a l t h e r ,  J .  
C h r o m a t o g r . ,  m, 197  ( 1 9 8 2 ) .  

17 

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


