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RESEARCH PROGRAMME ON EXPLOSIVES VAPOUR DETECTION 

AT NRC 

Pave1  N e u d o r f l  and Lorne E l i a s  

N a t i o n a l  Research  Counc i l  of Canada 

O t t a w a ,  O n t a r i o  K 1 A  OR6 

ABST RACY 

The p a p e r  c o n s i s t s  of  two p a r t s .  I n  t h e  f i r s t  

p a r t ,  t h e  r a t i o n a l e  and c o n s i d e r a t i o n s  l e a d i n g  to  t h e  

development  of an  e x p l o s i v e s  vapour  detector s u i t a b l e  

for  s c r e e n i n g  s u s p e c t  a i r c r a f t  f o r  h idden  bombs is 

d i s c u s s e d .  The d e t e c t o r  is based  on  GC/ECD and c o n s i s t s  

o f  t w o  components ,  t h e  main a n a l y s i n g  u n i t  and a 

d e t a c h a b l e  sampl ing  probe .  A number o f  p r o t o t y p e  

detectors was f a b r i c a t e d  a t  t h e  N a t i o n a l  Research 

Counc i l  of Canada ( N R C ) ,  and ,  a f t e r  l a b o r a t o r y  and f i e l d  

t r i a l s ,  t h e  d e s i g n  became t h e  basis of  a commerc ia l ly  

produced model. 
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This paper is not subject to U.S. copyright. 
Published in 1986 by Dowden, Brodman & Devine, Inc. 

415 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



In the second part, the application of vapour 

sniffing technology f o r  rapid screening of passengers 

and baggage at the airports is considered. In this 

scenario, trace explosive vapour must be preconcentrated 

in a rapid and selective manner. A novel device is 

described, termed a Continuous-Action Preconcentrator 

(CAP), which was tested and found capable of enhancement 

of vapour concentration by a factor of lo3 in less than 

6 seconds. Coupling of the CAP to a real-time sensor 

could provide the type of system required for the 

high-throughput airport application. 

41 6 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



INTRODUCTION 

G e n e r a l  

T h e  N a t i o n a l  Research C o u n c i l  of Canada ( N R C ) ,  a t  

t h e  r e q u e s t  of t h e  M i n i s t r y  of T r a n s p o r t ,  h a s  c o n d u c t e d  

research for t h e  p a s t  s e v e r a l  y e a r s  i n t o  t h e  d e v e l o p m e n t  

of e x p l o s i v e s  ' s n i f f e r s ' ,  i n s t r u m e n t s  d e s i g n e d  t o  s a m p l e  

a n d  a n a l y z e  a m b i e n t  a i r  fo r  cha rac t e r i s t i c  v a p o u r  traces 

of h i d d e n  bombs. T h i s  t y p e  of i n s t r u m e n t  would a p p e a r  

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

a i r c r a f t  and  a i r p o r t  t e r m i n a l s .  Though t h e  C a n a d i a n  

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

c o m p a r a t i v e l y  modest scale, t h e  a l l o c a t i o n  o f  

t e c h n o l o g i c a l  r e s o u r c e s  i n  a time o f  c o s t - c o n s c i o u s n e s s  

makes it p r u d e n t  t o  r e - a p p r a i s e  t h e  r a t i o n a l e  o f  

e x p l o s i v e s  s n i f f e r s  i n  a i r p o r t  s e c u r i t y .  Moreover ,  it 

c a n  be a r g u e d  t h a t ,  s i n c e  t h e i r  i n t r o d u c t i o n  some 1 5  

y e a r s  ago ,  s n i f f e r s  have  n o t  made c o n s p i c u o u s  i n r o a d s  i n  

t h e  s e c u r i t y  f i e l d ,  as h a v e ,  for example, metal 

detectors and x-ray m o n i t o r s .  T h e  q u e s t i o n  t h e n  ar ises  

t o u c h i n g  on  t h e  c o s t - e f f e c t i v e n e s s  of R&D i n  t h e  area of 

e x p l o s i v e s  detectors.  

T h e r e  would seem t o  be l i t t l e  a r g u m e n t  as to t h e  

d e s i r a b i l i t y  of improv ing  t h e  q u a l i t y  of s e c u r i t y  

m e a s u r e s  a t  a i r p o r t s .  I f  t h e  number o f  real-bomb 
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incidents has subsided in recent years,the frequency of 

hoaxes has not, hoaxes which often necessitate 

deplaning, resulting in lost time and revenue for the 

carriers and disrupted schedules €OK the passengers. 

Because flying tends to invoke a sense of vulnerability, 

at least in the minds of the general public, aircraft 

will likely remain a favourite target for extortionist 

activity . 
There should also be little question concerning the 

principle of vapour sensing as a countermeasure to the 

bomb threat in airlines operation. It goes without 

saying, of course, that it is not impossible to 

hermetically seal a bomb and thereby prevent the escape 

of telltale vapours; by the same token, however, it is 

possible to shield, mask or disguise a bomb to avoid 

detection by virtually any means, including visual 

examination. In the interest of maximal security, there 

is clearly a need for a diversity of countermeasures, 

making use of as many different technologies as 

feasible. 

The case to be made fo r  undertaking and supporting 

research aimed at developing vapour sensing technology 

into a practical countermeasure to the bomb threat rests 

less on what has been accomplished with it to date and 

more on its inherent potential. There are today 
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i n s t r u m e n t a l  methods of  c h e m i c a l  a n a l y s i s  w h i c h  measure ,  

w i t h  h i g h  s e l e c t i v i t y ,  vapour  c o n c e n t r a t i o n  l e v e l s  i n  

a i r  w e l l  below 1 p a r t  i n  101*,  and i n s t r u m e n t s  w i t h  

p r o j e c t e d  d e t e c t i o n  l i m i t s  r e c k o n e d  i n  terms of 

femtograms (10-15 9). T h e  t r a n s f e r  of  s u c h  t e c h n o l o g y  

from t h e  l a b o r a t o r y  t o  t h e  f i e l d  i n  pract ical  terms h a s  

n o t  y e t  been  a c h i e v e d  a t  t h i s  stage.  N e v e r t h e l e s s ,  

r e c o g n i z i n g  t h a t  trace v a p o u r  s e n s i n g  is a r e l a t i v e l y  

new a n a l y t i c a l  process f i n d i n g  u s e  i n  mre and more 

a p p l i c a t i o n  areas, it would n o t  be u n r e a s o n a b l e  t o  

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

a d a p t a t i o n  of s u c h  s o p h i s t i c a t e d  t e c h n i q u e s  for  f i e l d  

use .  T h e r e  is, f i n a l l y ,  a n o t h e r  o u t s t a n d i n g  r e a s o n  for 

p u r s u i n g  t h e  p r e s e n t  e x p l o s i v e s  detector programme: t h e  

s u c c e s s f u l  deve lopment  o f  a re l iable ,  ve r sa t i l e  a n d  

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

h a s  h i g h  a p p l i c a t i o n  p o t e n t i a l  i n  many o t h e r  areas as 

w e l l .  

Background 

More t h a n  a dozen  d i f f e r e n t  models of e x p l o s i v e s  

v a p o u r  detectors have  been  p r o d u c e d  by a number of 

companies  i n  Israel, t h e  U . K . ,  Canada and t h e  U.S. Most 

o f  t h e s e  i n s t r u m e n t s  have  i n  common t h e  u s e  of  a n  

e l e c t r o n - c a p t u r e  detector (ECD) as t h e  basic s e n s i n g  
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e l e m e n t ,  as w e l l  as  t h e  need o f  a n  i n e r t  g a s  s u p p l y .  

They may be  c a t e g o r i z e d  as  e i t h e r  real-time or 

ba t c h - t y p e  samp 1 i ng d e  v i c e s . 
Real-time s n i f f e r s  g e n e r a l l y  i n c o r p o r a t e  a semi- 

p e r m e a b l e  membrane or o t h e r  means which allows p a s s a g e  

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

oxygen.  Though r e s p o n s e  time to  e x p l o s i v e s  v a p o u r s  is 

o n l y  a few s e c o n d s ,  t h i s  t y p e  o f  s n i f f e r  l a c k s  

s p e c i f i c i t y  a n d  is c o n s e q u e n t l y  p r o n e  to  f a l s e  alarms. 

T h e  s e n s i t i v i t y  or d e t e c t i o n  l i m i t  to o r g a n o n i t r a t e  

e x p l o s i v e s  is i n  t h e  r a n g e  o f  0 .5  - 2 ppb ( p a r t s  per 

b i l l i o n :  1 p p b  = l / l O q ) .  

T h e  b a t c h - t y p e  or n o n - c o n t i n u o u s  i n s t r u m e n t s  

g e n e r a l l y  make u s e  o f  a c h r o m a t o g r a p h i c  column to  e f f e c t  

s e p a r a t i o n  o f  oxygen  a n d  o t h e r  i n t e r f e r a n t s  f r o m  t h e  

v a p o u r s  of i n t e r e s t .  A v e r y  h i g h  d e g r e e  o f  s p e c i f i c i t y  

is a c h i e v e d  w i t h  s u c h  s n i e f e r s ,  wh ich ,  t o g e t h e r  w i t h  t h e  

u s e  o f  a n  a d s o r b e n t  co l lec tor  to p r e c o n c e n t r a t e  t h e  

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

y i e l d s  a much e n h a n c e d  s e n s i t i v i t y ,  a b o u t  0.02-0.07 ppb. 

T h e  t r a d e - o f f  to  g a i n  s e n s i v i t i y ,  however ,  r e s u l t s  i n  a 

r e l a t i v e l y  l o n g  r e s p o n s e  time w i t h  t h i s  c lass  o f  

d e t e c t o r s ,  e.g., 20-60 s e c o n d s .  
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A d e p a r t u r e  f rom t h e  e l e c t r o n - c a p t u r e  t y p e  of 

i n s t r u m e n t  h a s  r e c e n t l y  appeared which o b v i a t e s  t h e  need 

of an  i n e r t  carr ier  s t r e a m .  I n  t h i s  case vapour  s e n s i n g  

is e f fec ted  on t h e  b a s i s  OE i o n  m o b i l i t y  oE t h e  

e x p l o s i v e s  molecules, i n  real-time and i n  t h e  sample a i r  

stream, r e s u l t i n g  i n  a v e r y  compact  and e a s y - t o - u s e  

d e v i c e .  T h i s  t y p e  of s n i f f e r ,  however ,  would p r o b a b l y  

be of l i t t l e  u s e  i n  most s e a r c h  s c e n a r i o s ,  e x h i b i t i n g  as 

it does r e l a t i v e l y  poor s e n s i t i v i t y  ( > 5  p p b )  w h i l e  b e i n g  

s u b j e c t  t o  alarm f a l s e l y  on f a i r l y  common items (e.g. ,  

c i g a r e t t e  smoke, c o l o g n e s ,  d e o d o r a n t s ,  alcohol and  

a c e t o n e ) .  

N e a r l y  a l l  of t h e  commercial bomb detectors 

marketed t o  d a t e  h a v e  been  tes ted  i n  t h i s  Laboratory f o r  

t h e i r  s e n s i t i v i t y  to o r g a n o n i t r a t e  v a p o u r s ,  i n  

p a r t i c u l a r  to  EGDN. As w e l l ,  three of  t h e  real-time 

detectors  were u t i l i z e d  i n  a n  e x t e n s i v e  f i e l d  e v a l u a t i o n  

of v a r i o u s  a i r c r a f t  search methods.  T h a t  program, 

c o n d u c t e d  a t  Mont 

i n te  r d e p a r  tme n t a 1 

s e c u r i t y  p e r s o n n e  

s e a r c h i n g  methods 

ea l  I n t e r n a t i o n a l  A i r p o r t  by an  

team of s c i e n t i s t s ,  e n g i n e e r s  and  

, a l so  i n v o l v e d  v i s u a l  and hand 

and  t h e  u s e  of  t r a i n e d  d o g s  ( R e f .  1). 

S u b s e q u e n t  to  these  t r i a l s ,  a number of e x p e r i m e n t s  were 

a l so  p e r f o r m e d  a t  t h e  Ottawa a n d  T o r o n t o  a i rpo r t s  u s i n g  

advanced  mass spectrometric as w e l l  as g a s  

421 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



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

c a b i n  a i r  ( R e f .  2 ) .  Among t h e  f i n d i n g s  which emerged 

f rom t h e s e  t r i a l s  were t h e  f o l l o w i n g :  

t h e  u s e  of bomb d e t e c t o r s  of t h e  real-time 

v a r i e t y  i n  c o n d u c t i n g  a d e t a i l e d ,  

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

bombs is of l i t t l e  more t h a n  m a r g i n a l  v a l u e ;  

t h i s  t y p e  of  s n i f f e r  was found t o  b e  

i n s u f f i c i e n t l y  s e n s i t i v e ,  p r o n e  t o  f a l s e  alarm, 

cumbersome and Ear less e f f e c t i v e  t h a n  a 

v i s u a l / h a n d  s e a r c h ;  

GC-type s n i f f e r s  used  i n  a s e c o n d a r y  or backup 

ro le  t o  t h e  v i s u a l  s e a r c h  p r o v e d  t o  be 

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

d e m o n s t r a t e d  t h a t  a h i d d e n  bomb m i s s e d  i n  a 

v i s u a l / h a n d  s e a r c h  of t h e  a i r c r a f t  c o u l d  be 

r e v e a l e d  i n  a fo l low-up a rea l  s e a r c h  w i t h  t h e s e  

d e v i c e s ;  

e f f e c t i v e  use of  vapour  d e t e c t i o n  t e c h n o l o g y  

c a n  a l s o  be made t h r o u g h  whole-cabin a i r  

m o n i t o r i n g  as opposed  t o  p o i n t - b y - p o i n t  

samp 1 ing .  
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AIRCRAFT S C R E E N I N G  APPROACH 

F i n d i n g s  s u c h  as o u t l i n e d  above  have i n f l u e n c e d  t h e  

d i r e c t i o n  of research i n  t h i s  l a b o r a t o r y  on t h e  

development  o f  a n  e x p l o s i v e s  detector  s u i t a b l e  for  

a i r c r a f t  s c r e e n i n g .  On t h e  premise t h a t  t h e  most 

re l iable  s c r e e n i n g  p r o c e d u r e  f o r  a s u s p e c t  a i rc raf t  is a 

v i s u a l  and  hand search c o n d u c t e d  by t r a i n e d  p e r s o n n e l ,  

t h e  r a t i o n a l e  adopted here seeks to  u t i l i z e  a 

t e c h n o l o g i c a l  d e v i c e  to  augment t h a t  t y p e  o f  s e a r c h .  

While  n o t  i n t e n d e d  to r e p l a c e  t h e  hand s e a r c h ,  s u c h  a n  

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

c o n f i d e n c e  to  t h e  s e a r c h  w i t h o u t  a d d i n g  u n d u l y  t o  t h e  

search ti me. 

T h e  i n s t r u m e n t  d e s i g n e d  f o r  t h i s  p u r p o s e  is 

b a s i c a l l y  a g a s  chromatograph  (GC). T h e  GC is a 

p o w e r f u l  and well-established tool ,  h a v i n g  a d v a n t a g e s  of 

s impl ic i ty  a n d  l o w  cost; when c o u p l e d  to a v a p o u r  

p r e c o n c e n t r a t o r ,  t h e  s y s t e m  c a n  be a d j u s t e d  to  y i e l d  

almost a n y  l e v e l  o f  s e n s i t i v i t y  and s p e c i f i c i t y  d e s i r e d .  

The d i s a d v a n t a g e  i n  t h e  use of g a s  chromatography is t h e  

s e e m i n g l y  l o n g  a n a l y s i s  t i m e  w h i c h  would appear t o  

c o n f l i c t  w i t h  t h e  f a s t  pace r e q u i r e m e n t s  of n o r m a l  

a i r  1 i ne  o p e r a t i o n .  
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T h i s  f e a t u r e ,  however,  need n o t  be a serious 

drawback, d e p e n d i n g  on t h e  deployment  of t h e  d e v i c e .  

Use of a GC-based s n i f f e r  t o  emulate a t r a i n e d  dog by 

examining o n e  by o n e  t h e  numerous p o t e n t i a l  h i d i n g  

p l a c e s  i n  a n  a i r c r a f t  c a b i n  is c lear ly  an i m p r a c t i c a l  

approach .  On t h e  other  hand,  a n a l y s i s  time becomes of  

minor i m p o r t a n c e  i f  r e l a t i v e l y  few b u t  much l a r g e r  a i r  

samples  are collected - r e p r e s e n t a t i v e  of t h e  c a b i n  as  a 

whole - t h a n  is p o s s i b l e  i n  a de ta i led  s c a n  of t h e  

a i r c r a f t .  Such a i r  s a m p l e s  c o u l d  be o b t a i n e d ,  for 

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

t h e  o u t f l o w  and dump v a l v e s ,  or by s a m p l i n g  i n s i d e  t h e  

c a b i n .  T h u s ,  a l t h o u g h  1-2 m i n u t e s  may be r e q u i r e d  for  a 

sample c o l l e c t i o n  and  an a d d i t i o n a l  2-3 m i n u t e s  for 

a n a l y s i s ,  t h e  f u l l  c a p a b i l i t i e s  of t h e  GC method w i t h  

r e g a r d s  t o  s e n s i t i v i t y  and  r e s o l u t i o n  may be u t i l i z e d  to 

b e s t  a d v a n t a g e  w i t h  t h i s  approach .  

A n o t h e r  t y p e  o f  c o n s t r a i n t  associated w i t h  GC (or 

any o t h e r  p h y s i c o - c h e m i c a l  methodology)  which t h e  

p r e s e n t  approach s e e k s  to o b v i a t e  is t h a t  o f  physical  

s i z e  of t h e  i n s t r u m e n t .  Whi le  c o n s i d e r a b l e  

m i n i a t u r i z a t i o n  o v e r  a l a b o r a t o r y - t y p e  i n s t r u m e n t  is 

f a i r l y  s t r a i g h t f o r w a r d ,  t h e  s i z e a b l e  power r e q u i r e m e n t s  

and t h e  need for a compressed gas s u p p l y  and a n c i l l a r y  

hardware c a n  r e s u l t  i n  a n  i n s t r u m e n t  too cumbersome f o r  
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f i e l d  use.  T h e r e f o r e ,  i n  t h e  p r e s e n t  d e s i g n  t h e  vapour  

c o l l e c t i o n  or a i r  sampling is performed by means of a 

s m a l l ,  hand-por tab le  a s p i r a t o r  probe ,  and t h e  a n a l y s i s  

of t h e  sample is conducted s u b s e q u e n t l y  w i t h  t h e  GC 

which may be s t a t i o n e d  as close to t h e  s e a r c h  s c e n e  as 

conven ien t .  

Genera l  D e s c r i p t i o n  

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

s ingle-column GC equipped wi th  a n  e l e c t r o n - c a p t u r e  

detector. I t  is comprised o f  t w o  separate parts,  t h e  

hand-held Probe and t h e  main Analyzer  u n i t ,  a 

photograph  o f  which appear i n  Fig.  1. 

The GC o p e r a t e s  w i th  h i g h - p u r i t y  g r a d e  n i t r o g e n  

g a s ,  and carries s u f f i c i e n t  s u p p l y  f o r  4 0  h o u r s  of 

c o n t i n u o u s  u s e  i n  t h e  'Operate' mode and 400  h o u r s  i n  

t h e  'S tandby '  mode. T h e  i n t e r n a l  c y l i n d e r  can  be  e a s i l y  

r e - f i l l e d  i n  s i t u  by connec t ing  h i g h  p r e s s u r e  h o s e  to  a 

l a r g e  c y l i n d e r  of  compressed N,. 

wi th  an e x t e r n a l  s o u r c e  o f  N2 r e g u l a t e d  a t  30 p s i g ;  a 

quick-connect  f i t t i n g  is provided  f o r  c o u p l i n g  to  an 

e x t e r n a l  bott le.  A Type K c y l i n d e r  ( L i n d e )  of N2 is 

s u f f i c i e n t  f o r  o v e r  2) y e a r s  of  Standby o p e r a t i o n .  

The GC may also be r u n  

The e lectr ical  and e l e c t r o n i c  components are 

des igned  f o r  12 V DC. The ins t rumen t  may t h u s  be 
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FIGURE 1 

NRC Explosives Vapour Detector, showing Analyzer Unit, 
Sampling Probe with Adsorber! Cartridge, and Magazine. 
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powered by c o n n e c t i o n  to  t h e  c i g a r e t t e  l i g h t e r  

r e c e p t a c l e  of  a car or t r u c k ,  o r  by means of  a n  

a u x i l i a r y  b a t t e r y  pack ,  or may be p lugged  d i r e c t l y  i n t o  

t h e  110 V AC mains.  

Probe  

The  P r o b e  h o u s e s  a b a t t e r y - p o w e r e d  a s p i r a t o r  pump 

which draws a i r  t h r o u g h  t h e  f i r s t - s t a g e  a d s o r b e r  

c a r t r i d g e  or p r e c o n c e n t r a t o r .  The  c a r t r i d g e  is a 

t h i n - w a l l e d  s t e e l  t u b e  0.8 cm O.D. by 8 cm l o n g  which 

c o n t a i n s  a f i l t e r  material t r e a t e d  to co l l ec t  e x p l o s i v e s  

vapours .  Flow r a t e  t h r o u g h  t h e  a d s o r b e r  t u b e  is about 1 

L/min when packed  w i t h  a r o l l e d  s t r i p  of  80-mesh n i c k e l  

gauze .  The g a u z e  is c o a t e d  by d i p p i n g  i n  a 1% s o l u t i o n  

o f  OV-17 s i l i c o n e  o i l  i n  c h l o r o f o r m ,  a i r  d r y i n g ,  t h e n  

c o n d i t i o n i n g  a t  3OO0C i n  a N2 stream. 

With t h e  a d s o r b e r  i n s t a l l e d  i n  t h e  P r o b e ,  t h e  a i r  

pump is a c t i v a t e d  by d e p r e s s i n g  a momentary p u s h b u t t o n  

s w i t c h .  A t i m i n g  c i r c u i t  i n  t h e  u n i t  l i m i t s  t h e  pump 

a c t i o n  to 1 5  sec ;  l o n g e r  s a m p l i n g  times may be o b t a i n e d  

by r e p e a t e d  d e p r e s s i o n  o f  t h e  s w i t c h .  

Vapour sample c o l l e c t e d  i n  an  a d s o r b e r  is  

s u b s e q u e n t l y  t h e r m a l l y  d e s o r b e d  and a n a l y z e d  i n  t h e  

Analyzer  u n i t ;  f o l l o w i n g  d e s o r p t i o n ,  t h e  c a r t r i d g e  is 

r e a d y  for re -use .  
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E x p l o s i v e s  v a p o u r  is r e t a i n e d  on t h e  a d s o r b e r  

p a c k i n g  f o r  s e v e r a l  h o u r s  w i t h o u t  s e r i o u s  loss. I n  o n e  

test  a known q u a n t i t y  o f  EGDN was d e p o s i t e d  on t h e  

p a c k i n g  a n d  t h e  a d s o c b e r  was s t o r e d  o v e r n i g h t  i n  a 

sealed c o n t a i n e r .  E i g h t e e n  h o u r s  l a t e r  r o u g h l y  h a l f  of 

t h e  o r i g i n a l  amount o f  EGDN was r e c o v e r e d  on  a n a l y s i s .  

A small  m a g a z i n e  i n  wh ich  f o u r  c a r t r i d g e s  a re  

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

mu It i p l e - s a m p l e  u s e .  

Ana lyze r  

The A n a l y z e r  u n i t  h o u s e s  an a u t o m a t e d  GC, w i t h  

a t t e n d a n t  c o n t r o l  and  d a t a  p r o c e s s i n g  c i r c u i t r y  a n d  

carrier g a s  s u p p o r t  s y s t e m .  The  i n s t r u m e n t  h a s  b e e n  

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

c o n n e c t i n g  a n  a d s o r b e r  c a r t r i d g e  i n  t h e  A n a l y z e r  fo r  

a n a l y s i s ,  t h e  o p e r a t o r  is i n s t r u c t e d  t o  i n i t i a t e  t h e  

' A n a l y z e '  c y c l e  by means o f  a p u s h b u t t o n  s w i t c h ;  

c o m p l e t i o n  of t h e  c y c l e ,  about 2 m i n u t e s  l a t e r ,  is  

s i g n a l l e d  by a n  i n d i c a t o r  l i g h t .  The p r e s e n c e  of 

e x p l o s i v e s  i n  t h e  sample is s i g n i f i e d  by t h e  r e a d i n g  of 

a t h r e e  f i g u r e  LCD d i s p l a y ,  h i g h e r  r e a d i n g  r e p r e s e n t i n g  

l a r g e r  v a p o u r  c o n c e n t r a t i o n s .  

F i g u r e  2 is a s c h e m a t i c  o f  t h e  G C  c o n f i g u r a t i o n .  

T h e  6 - p o r t  v a l v e ,  column and  detector are  t h e r m o s t a t e d  
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i n  a small oven.  The column is a 30 c m  l e n g t h  of n i c k e l  

t u b i n g  3 . 2  mn 0.0. packed w i t h  3 %  OV-17 on Chromosorb 

W, 80-100 mesh, and c o n t r o l l e d  a t  1 2 5 O C .  

Adsorber I r e p r e s e n t s  t h e  ( d e t a c h a b l e )  Probe 

c a r t r i d g e  i n s t a l l e d  f o r  a n a l y s i s ,  Adsorber  I1 is a 

s m a l l e r  s e c o n d - s t a g e  p r e c o n c e n t r a t o r  which is 

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

a re  located o u t s i d e  t h e  GC oven  and h e a t e d  i n  s e q u e n c e ,  

as  r equ i r ed ,  by means o f  s u r r o u n d i n g  heater  w i n d i n g s .  

The  6-por t  v a l v e  is of t h e  t a p e r e d  p l u g  t y p e ,  

h a v i n g  a f i l l e d  t e f l o n  p l u g  and n i c k e l  body. I t  is 

r o t a t e d  b i - d i r e c t i o n a l l y  o v e r  a n  a n g l e  o f  60° by means 

of a s t e p p i n g  motor. Two p o s i t i o n s  of t h e  v a l v e  are  

shown i n  F i g u r e  2 ,  t o  i l l u s t r a t e  t h e  flow of  t h e  sample  

and t h e  carr ier  g a s  d u r i n g  t h e  s e c o n d  p r e c o n c e n t r a t i o n  

s t a g e  ( s a m p l e  t r a n s f e r )  and d u r i n g  a n a l y s i s  

( a n a l y s i s / s t a n d b y  mode). 

The  two-adsorber  t e c h n i q u e  h a s  p r o v e n  to  be advan- 

t a g e o u s  on s e v e r a l  c o u n t s .  I n  a d d i t i o n  t o  p r o v i d i n g  

c o n v e n i e n c e  and e a s e  O E  s a m p l i n g ,  u s e  of t h e  f i r s t - s t a g e  

a d s o r b e r  a v o i d s  vapour  losses f r e q u e n t l y  o b s e r v e d  w i t h  

t h e  u s e  of l o n g  s a m p l i n g  l i n e s .  Moreover ,  it v i r t u a l l y  

e l i m i n a t e s  t h e  p o s s i b i l i t y  of g r o s s  s y s t e m  c o n t a m i n a t i o n  

and c o n s e q u e n t  c l e a n u p  , inasmuch as s u c h  c o n t a m i n a t i o n  

would be res t r ic ted to  and n e c e s s i t a t e ,  a t  worst, 

r e p l a c e m e n t  of t h e  adsorber p a c k i n g .  
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C 

CARI~ ICK 2 

I d  SAMPLE TRANSFER 

CARRIER 2 

Ibl SAMPLE ANALYSIS OR STANDBY MODE 

FIGURE 2 

Schematic of GC Analyzer. 
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T e s t i n g  of t h e  P r o t o t y p e s  

A number of p r o t o t y p e  E x p l o s i v e s  Detectors 

desc r ibed  above  h a s  been f a b r i c a t e d  a t  t h e  NRC and ,  

a f t e r  l a b o r a t o r y  tes ts ,  were a l so  t r i e d  on s e v e r a l  

o c c a s i o n s  i n  t h e  f i e l d .  T h e  u n i t s  were programmed f o r  

d e t e c t i o n  of EGDN ( a l t h o u g h ,  i f  r e q u i r e d ,  t h e y  c o u l d  

a l so  be a d j u s t e d  for d e t e c t i o n  of other e x p l o s i v e s  

v a p o u r s ,  s u c h  as NG and D N T )  . 
T h e  l a b o r a t o r y  tests w i t h  t h e  Detectors c o n s i s t e d  

m a i n l y  o f  s e n s i t i v i t y  e v a i u a t i o n s .  I n  t h e  t e s t i n g ,  use 

was made of  s p e c i a l  vapour  sources d e v e l o p e d  i n  t h i s  

l a b o r a t o r y  (Ref .  3 , 4 ) ,  i n  which a c o n t i n u o u s  stream of 

t h e  v a p o u r s  a t  t h e  ppt-ppb c o n c e n t r a t i o n  l e v e l s  c o u l d  be 

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

S o u r c e  ( s i n g l e  d i l u t i o n  t y p e )  is shown i n  F i g u r e  3 .  

S i n c e  it u t i l i z e s  u n p u r i f i e d  room a i r  w i t h  a l l  i t s  

c o n t a m i n a n t s ,  t h i s  vapour  g e n e r a t o r  p r o v i d e d  a more 

m e a n i n f u l  test of t h e  Detectors' u t i l i t y .  

U s i n g  t h e  ca l ibra ted  vapour  s o u r c e ,  it was 

e s t a b l i s h e d  t h a t  c o n c e n t r a t i o n s  of 0.005 ppb or less o f  

EGDN i n  a m b i e n t  a i r  could be r o u t i n e l y  d e t e c t e d  by t h e  

p r o t o t y p e  s n i f f e r s ,  o f t e n  by u s i n g  a s i n g l e  ' s n i f f '  (a 

15-second s a m p l i n g  a t  t h e  flow-rate of 1 L/min). 

D e t e c t i o n  l i m i t  of t h e  u n i t s  was a f fec ted  by t h e  l e v e l  

of a i r  c o n t a m i n a t i o n ;  when l a r g e r  samples c o u l d  be 
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1 - d 

SPIKED AIR 
0 5-1,5Oo ppt - M R I E R  

1- 1-50 W m i n  

cccc 
c c 

AMBlEM AIR 
HIGH WACITY 

AIR BLOWER 
f- XM-2,100 Vmin 

EGDN Sample, 0% 

FIGURE 3 

Single-Dilution Trace Vapour Generator. Nitrogen 
carrier passing over small quantity of thermostated 
EGDN sample mixes with diluent air stream in all-glass 
system. Concentrations less than 5 ppt obtained by 
thermostating sample below O O C .  
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c o l l e c t e d ,  c o n c e n t r a t i o n s  a s  low as 0 .001  ppb were 

detected.  

F i e l d  t r i a l s  w i t h  a i r c r a f t  were f o c u s s e d  m a i n l y  on 

s a m p l i n g  c a b i n  a i r  v e n t e d  t h r o u g h  t h e  dump v a l v e s  of  t h e  

a i r c r a f t .  Numerous  t es t s  i n v o l v i n g  v a r i o u s  t y p e s  of 

p a s s e n g e r  j e t s  (DC-gs, DC-~S, 727s, 767s and 7 4 7 s )  have  

b e e n  conducted ,  i n  which e x p l o s i v e  s a m p l e s  were p l a c e d  

on b o a r d  t h e  aircraEt and ,  w i t h  t h e  c a b i n  d o o r  s e a l e d  

and  t h e  a i r  c o n d i t i o n i n g  s y s t e m  o p e r a t i n g ,  c h a r a c t e r i s -  

t i c  v a p o u r s  were d e t e c t e d  a t  t h e  e x h a u s t  p o r t  o u t s i d e  

t h e  a i r c r a f t .  Samples were p l a c e d  i n  o v e r h e a d  l u g g a g e  

r a c k s ,  u n d e r  sea t  c u s h i o n s ,  i n  l a v a t o r i e s  and o t h e r  

areas r e a d i l y  a c c e s s i b l e  t o  t h e  p a s s e n g e r .  The  s u c c e s s  

r a t e  of d e t e c t i o n  u s i n g  dump v a l v e  s a m p l i n g  r a n g e d  from 

0 t o  v i r t u a l l y  1008,  d e p e n d i n g  on t h e  t y p e  o f  e x p l o s i v e  

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

bomb by t h i s  method is e s t i m a t e d  to be between 20-40%. 

An i n t e r n a l ,  a rea l  s c r e e n i n g  of t h e  c a b i n  u s i n g  t h e  

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

lower v o l a t i l i t y ,  and t h e  p r o b a b i l i t y  of d e t e c t i o n  i n  a n  

a c t u a l  s i t u a t i o n  w i t h  t h i s  s e a r c h  method is t h o u g h t  to 

b e  50-70%. 

Some f i e l d  e x p e r i e n c e  w i t h ' t h e  u n i t s  i n  n o n - a i r p o r t  

s c e n a r i o s  was o b t a i n e d  d u r i n g  t h e  Papal and Royal  v i s i t s  

to  Canada i n  t h e  F a l l  of 1984,  when t h e y  were u s e d  by 
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the RCM Police to search buildings, cars and luggage. 

Several 'hits' were actually reported with the Detectors 

on those occasions (having to do with ammunition and 

firearms being inadvertantly placed in some of the 

suitcases by security personnel). 

Concluding Remarks 

The Detector technology developed at NRC has been 

transferred to industry, and the first commercial units, 

called EVD-1 (Ref. 5) appeared on the market in 1985. 

Based on the GC concept described here, the commercial 

sniffers have been re-engineered to meet special 

specifications on ruggedness and electromagnetic 

shielding for the Ministry of Transport. 

An extensive laboratory evaluation of the EVD-1 was 

carried out recently by the RCM Police and the range of 

explosives which could be detected with the sniffer has 

been investigated (Ref. 6). In addition, over'70 

different substances (including cosmetics and various 

solvents) were tested for potential interference. The 

EVD-1 was found to meet the specified performance 

requirements of high sensitivity for explosives 

detection with an extremely low false alarm rate. 

Presently, there are about 26 EVD-1 units deployed 

at all major international airports in Canada. EVD-1 
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o p e r a t o r s  a r e  selected and undergo s p e c i a l  t r a i n i n g  on 

p r o p e r  use of t h e  detectors i n  t h e  f i e l d  €or maximum 

ef f ic iency  . 

PASSENGER AND BAGGAGE S C R E E N I N G  

CAP Approach 

T h e  problem of  s c r e e n i n g  p a s s e n g e r s  and checked 

baggage f o r  hidden e x p l o s i v e s  by vapour  d e t e c t i o n  is 

c e r t a i n l y  one of t h e  more fo rmidab le  t e c h n o l o g i c a l  ones.  

The GC approach described i n  t h e  p r e c e d i n g  Sec t ion ,which  

has  proven  f e a s i b l e  f o r  a i r c r a f t  and luggage  s c r e e n i n g  

on a spot-check b a s i s ,  is not r e a d i l y  a d a p t e d  to  t h e  

h igh- throughput  r equ i r emen t s  of r o u t i n e  a i r l i n e  

o p e r a t i o n s .  These r equ i r emen t s ,  f o r  example a s  s e e n  by 

t h e  U.S. Federal A v i a t i o n  A d m i n i s t r a t i o n ,  c a l l  f o r  a 

d e t e c t i o n  sys tem capab le  of  s e n s i n g  0.01 ppt  l e v e l s  Of 

e x p l o s i v e s  vapour ( approx ima te ly  10-13 g/L) i n  6 seconds  

or less,  w i t h  a f a l s e  a l a rm r a t e  below 2%.  

N o  s e n s o r  is a v a i l a b l e  a t  p r e s e n t  t h a t  can  respond 

to  such vapour  l e v e l s ,  p e r  se; c l e a r l y ,  some form of 

sample p r e c o n c e n t r a t i o n  is r e q u i r e d  prior to  a n a l y s i s .  

Moreover, t h e  sample p r e c o n c e n t r a t i o n  step m u s t  be very 

r a p i d  and,  p r e f e r a b l y ,  p r o v i d e  some s e l e c t i v i t y  i n  o r d e r  

t o  reduce  t h e  background s i g n a l  from o t h e r  g a s e s  and 

vapours .  
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A d e v i c e  which h a s  been  under  d e v e l o p m e n t  a t  NRC 

f o r  t h i s  p u r p o s e ,  known as CAP or C o n t i n u o u s - A c t i o n  

P r e c o n c e n t r a t o r  ( p a t e n t  p e n d i n g ) ,  is b a s e d  on a n  

a d s o r p t i o n  - t h e r m a l  d e s o r p t i o n  t e c h n i q u e ,  a p r o v e n  

p r e c o n c e n t r a t i o n  method i n  trace v a p o u r  a n a l y s i s .  T h e  

n o v e l  f e a t u r e  of  t h e  d e v i c e  is t h a t ,  w h e r e ,  

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

t h e  p e r t i n e n t  v a p o u r s  by a s t a t i o n a r y  bed o f  a d s o r b e n t  

mater ia l ,  so t h a t  t h e  c o n c e n t r a t i n g  p r o c e s s  is 

d i s c o n t i n u o u s  and  t ime-consuming, t h e  CAP a c h i e v e s  a 

s imi l a r  c o n c e n t r a t i n g  e f f e c t  on a c o n t i n u o u s  and n e a r l y  

real-time b a s i s .  

T h e  d e v i c e  u t i l i z e s  a d s o r b e n t  powder ,  of t h e  t y p e  

u s e d  i n  GC work, which is r e p e a t e d l y  c y c l e d  t h r o u g h  a 

cool ( a d s o r p t i o n )  r e g i o n  t o  a h o t  ( d e s o r p t i o n )  r e g i o n ,  

and  back  a g a i n .  The l a r g e  s u r f a c e  area of t h e  powder 

combined w i t h  small  t h e r m a l  mass l e a d s  to  an  e f f e c t i v e  

and  f a s t - r e s p o n d i n g  v a p o u r  h a n d l i n g  p r o c e s s .  

T h e  CAP is  shown s c h e m a t i c a l l y  i n  F i g u r e  4 .  I n  t h e  

c o l d  r e g i o n ,  t h e  a d s o r b e n t  is e x p o s e d  to  t h e  sample a i r  

stream. I n  t h e  d e s o r p t i o n  r e g i o n ,  m a i n t a i n e d  a t  

s e l e c t e d  h i g h e r  t e m p e r a t u r e s ,  a car r ie r  f l o w  p u r g e s  t h e  

c o l l e c t e d  v a p o u r s  and v e n t s  to a s u i t a b l e  a n a l y z e r .  By 

proper s e l e c t i o n  of  t h e  a d s o r b e n t  powder  and  

temperatures, some d e g r e e  of  s p e c i f i c i t y  c a n  be a t t a i n e d  

w i t h  r e g a r d  to  t h e  v a p o u r s  collected f r o m  t h e  a i r .  
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flair) 

FIGURE 4 

Schematic of Continuous-Action Preconcentrator (CAP). 
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C o n c e n t r a t i o n  E n r i c h m e n t  

Vapour enhancemen t  is a c h i e v e d  by t r a n s f e r r i n g  t h e  

v a p o u r s  f rom a l a r g e  f l o w  o f  a i r ,  where t h e y  are p r e s e n t  

a t  low c o n c e n t r a t i o n ,  to  a saa l l  f l o w  of n i t r o g e n ,  or 

o t h e r  c a r r i e r  g a s .  I f  t h e  a d s o r p t i o n  and d e s o r p t i o n  

p r o c e s s e s  a r e  complete, and no losses OCCUK, t h e  mass 

f l o w  of a p a r t i c u l a r  trace component  i i n  t h e  incoming 

a i r  stream w i l l  be e q u a l  t o  t h e  mass f l o w  o f  t h e  same 

component i n  t h e  o u t g o i n g  ( n i t r o g e n )  stream; t h u s ,  

F ( a i r )  x C i ( a i r )  = F ( N Z )  x C i ( N 2 ) ,  or 

w h e r e  F and C i  are f l o w r a t e s  and c o n c e n t r a t i o n s ,  

r e s p e c t i v e l y ,  o f  t h e  a i r  and  carr ier  streams, as 

i n d i c a t e d .  T h i s  r e l a t i o n  c a n  be u s e d  t o  estimate t h e  

u p p e r  l i m i t  of c o n c e n t r a t i o n  enhancemen t  f o r  t y p i c a l  

f l o w r a t e s .  For example, i f  F ( a i r )  = 1 0 0  L/min and  

F ( N 2 )  = 1 0 0  mL/min, t h e  maximum c o n c e n t r a t i o n  e n r i c h m e n t  

is 103.  

T o  tes t  t h e  c o n c e p t ,  a CAP a p p a r a t u s  was 

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

EGDN vapour .  EGDN i n  t h e  s a m p l e  a i r  a n d  n i t r o g e n  

car r ie r  streams was d e t e r m i n e d  by c o l l e c t i o n  i n  T e n a x  

a d s o r b e r  t u b e s  and s u b s e q u e n t  GC a n a l y s i s .  F i g u r e  5 

shows ch romatograms  f rom s u c h  a s t u d y .  
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F I G U R E  5 

TIME 
c) CALIBRATION 

Preconcentration of EGDN Vapour with CAP: 
Chromatograms of EGDN Analysis. EGDN retention time 
1.74 min;(a) 3.2 pg, sample volume 400 mL; (b) 87 pg, 
sample volume 10 mL;(c) 86 pg, 8 ML standard solution. 
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I n  t h e  case shown, t h e  CAP i n p u t  w a s  an a i r  stream 

F ( a i r )  = 45  L/min s p i k e d  w i t h  1 .3  p p t  EGDN,  w h i c h  was 

p r o v i d e d  by t h e  high-volume v a p o u r  g e n e r a t o r  of F i g u r e  

3 .  

mL/min w i t h  a n  EGDN c o n c e n t r a t i o n  of 1 , 3 8 0  p p t .  W h i l e  

t h e  e f f i c i e n c y  of t h e  p r o c e s s  was less t h a n  30%, based 

on  t h e  g a s  f l o w  r a t io ,  t h e  measu red  c o n c e n t r a t i o n  r a t i o  

d e m o n s t r a t e d  t h a t  a t h o u s a n d - f o l d  v a p o u r  enhancemen t  

c o u l d  be a c h i e v e d  e v e n  w i t h  a non-op t imized  CAP. 

T h e  CAP o u t p u t  was a n i t r o g e n  stream F ( N Z )  = 1 2  

Response T ime  

Speed of r e s p o n s e  of t h e  CAP was i n v e s t i g a t e d  i n  

two separate e x p e r i m e n t s  c o n d u c t e d  w i t h  t w o  d i f f e r e n t  

detectors a t t a c h e d  to  t h e  d e v i c e ,  a f l a m e  i o n i z a t i o n  

detector ( F I D )  and  a tandem mass s p e c t r o m e t e r  (MS/MS). 

I n  t h e  f irst  e x p e r i m e n t ,  t h e  o u t l e t  n i t r o g e n  stream 

was c o n n e c t e d  to  a Gow-Mac Model 12-100 F I D ,  and t h e  

s i g n a l  from t h e  d e t e c t o r  was m o n i t o r e d  on  a cha r t  

recorder. T h e  time r e s p o n s e  of t h e  CAP-FID s y s t e m  was 

measured as a d e l a y  between a r a p i d  s y r i n g e  i n j e c t i o n  o f  

a vapour  sample i n t o  t h e  a i r  stream a t  t h e  CAP i n l e t  and  

t h e  a p p e a r a n c e  o f  t h e  s i g n a l  i n  t h e  o u t l e t  stream. T h e  

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

shown i n  F i g u r e  6, where  it c a n  be s e e n  t h a t  i n  each 

case t h e  s i g n a l  a r r i v e d  a p p r o x i m a t e l y  3 s e c o n d s  a f t e r  
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i n j e c t i o n  of t h e  s a m p l e ,  and r e a c h e d  i ts  maximum i n  less 

t h a n  6 s e c o n d s .  

A similar result  on t h e  speed of r e s p o n s e  was a l s o  

o b t a i n e d  i n  t h e  s e c o n d  e x p e r i m e n t  u s i n g  EGDN v a p o u r ,  i n  

which t h e  C A P  was c o u p l e d  t o  a S c i e x  TAGA 6000 tandem 

mass s p e c t r o m e t e r .  The  TAGA MS/WS w a s  operated i n  t h e  

n e g a t i v e  mode w i t h  a n  atmospheric p r e s s u r e  c h e m i c a l  

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

source of  r e a c t i v e  C1’ i o n s .  S p e c i f i c  d e t e c t i o n  o f  EGDN 

v a p o u r s  was a c h i e v e d  by m o n i t o r i n g  d a u g h t e r  i o n s  from 

t h e  EDGN.Cl’ p a r e n t  i o n s .  T h e  EGDN v a p o u r s  were a g a i n  

g e n e r a t e d  by means of  t h e  s i n g l e  d i l u t i o n  v a p o u r  s o u r c e .  

T h e  c o n c e n t r a t i o n  of  EGDN i n  t h e  s p i k e d  tes t  stream from 

t h e  s o u r c e  was modula ted  by s t o p p i n g  and  s t a r t i n g  t h e  

source carrier stream ( c f .  F i g .  3 )  a n d  t h e  e f f e c t  o f  t h e  

m o d u l a t i o n  was f o l l o w e d ,  i n  real-time, by t h e  CAP-TAGA 

combina t ion .  

F i g u r e  7 . s h o w s  t h e  i n t e n s i t i e s  o f  some 

c h a r a c t e r i s t i c  i o n s  as a f u n c t i o n  of  time when t h e  

vapour  s o u r c e  was a l t e r n a t i v e l y  s w i t c h e d  o n  (600  pp t )  

and o f f  (Background,  a b b r e v i a t e d  as Bkgd.).  I t  c a n  be 

s e e n  t h a t ,  a f t e r  s w i t c h i n g  t h e  vapour  s o u r c e  on t h e  

s i g n a l  is o b s e r v e d  w i t h  a b o u t  5-10 s e c o n d s  d e l a y .  Pa r t  

of t h i s  d e l a y  is p r o b a b l y  d u e  to  t h e  somewhat s l u g g i s h  

method of m o d u l a t i o n  u s e d  to  v a r y  t h e  EGDN c o n c e n t r a t i o n  

i n  t h e  vapour  g e n e r a t o r .  
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F I G U R E  6 

Speed of Response of CAP-FID to Hydrocarbons. 
i n d i c a t e  p o i n t  of sample i n j e c t i o n  i n t o  CAP i n l e t .  

Arrows 
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FIGURE 7 

Speed o f  Response of CAP-TAGA System to EGDN from 
Vapour S o u r c e .  EGDN s w i t c h e d  a l t e r n a t i v e l y  ON and OFF. 
P r o f i l e s  of daughter  i o n s  g e n e r a t e d  from EGDN.Cl' 
p a r e n t  i o n s  (m/e-  187 and 1 8 9 ) :  (A) 35~1-; (B) 37~1-3 
( c )  ~ 0 3 7  
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F u t u r e  Work 

T h e  CAP c o n c e p t  h a s  been  t e s t e d  a n d  shown t o  

p r o d u c e  a 103-en r i chmen t  of  c o n c e n t r a t i o n  l e v e l s  i n  6 

s e c o n d s  or less. An a p p a r a t u s  o f  t h i s  t y p e ,  t h e r e f o r e ,  

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

r a p i d - r e s p o n d i n g  e x p l o s i v e s  v a p o u r  detector  €OK 

p a s s e n g e r  and baggage  s c r e e n i n g .  

A p a r t  from e f f i c i e n c y  and speed o f  o p e r a t i o n ,  which 

have  been s t u d i e d ,  t h e  i n h e r e n t  c a p a b i l i t y  o f  t h e  CAP t o  

s e l e c t i v e l y  p r e c o n c e n t r a t e  t a r g e t  v a p o u r s  h a s  n o t  as  y e t  

been  f u l l y  i n v e s t i g a t e d .  S e l e c t i v i t y  r e q u i r e m e n t s  w i l l  

v a r y ,  o f  c o u r s e ,  d e p e n d i n g  on t h e  t y p e  of a n a l y z e r  u s e d :  

w i t h  v e r y  s p e c i f i c  d e t e c t o r s  ( e . g . ,  t andem MS/MS), t h e  

s e l e c t i v i t y  o f  t h e  p r e c o n c e n t r a t i o n  s t e p  w i l l  be less 

i m p o r t a n t  t h a n  w i t h  o t h e r  d e t e c t o r s  (e .g . ,  ECD, FID, 

etc. ) .  Work c o n t i n u e s  on t h i s  p r o j e c t ,  and  f u r t h e r  

p r o g r e s s  is a n t i c i p a t e d .  
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