
DOCUMENT UNCLASSIFIED JCP-I,DPG 

ARMY SCIENTIFIC ADVISORY PANEL 

, AD HOC GROUP 
Q 
! 

TRACE GAS DETECTION 

NOVEMBER 1973 





DOCUMENT UNCLASSIFIED JCP-I,DPG 

REPORT OF THE 

ARMY sc IENTIFIC ADVISORY PANEL 

AD HOC GROUP 

TRACE GAS DETECTION 

NOVEMBER 1973 



DOCUMENT UNCLASSIFIED JCP-I,DPG 

I .  Background: 

The United S t a t e s  Army has always 

new means of de t ec t ion .  For example, 

been keenly i n t e r e s t e d  

one of t h e  Army's most 

i n  f i nd ing  

exaspera t ing  

problems has been the  de t ec t ion  of mines. The approaches which have 

generally been used in  mine detection are t o  find a unique electronic or 

magnetic s i g n a t u r e  of t he  ob jec t ive  which can be  de t ec t ed  aga ins t  a  

background of o the r  s igna tu re s .  

A second o b j e c t i v e  of d e t e c t i o n  has been t o  ob ta in  e a r l y  warning 

of chemical and b i o l o g i c a l  a t t a c k s .  The l e t h a l  concent ra t ions  of t hese  

ma te r i a l s  have gene ra l ly  been in the  p a r t s  per  m i l l i o n  l e v e l .  This 

problem was p a r t i c u l a r l y  enhanced by t h e  discovery of t he  f a s t  a c t i n g  

nerve gases .  

The Southeast Asia c o n f l i c t  has made the  Army aware of s t i l l  another  

de t ec t ion  problem: how can one d e t e c t  t h e  enemy himself i n  low i n t e n s i t y  

warfare? One of t he  main problems throughout the  course of t h i s  war has  

been t o  f i nd  the  enemy. Since personnel  do not  have c h a r a c t e r i s t i c  

e l e c t r o n i c  and magnetic s i g n a t u r e s ,  i t  became evident  t h a t  one of t h e  

means of de t ec t ing  people might be through t h e i r  chemical e f f l u e n t s .  

However, the  concent ra t ion  l e v e l s  which a r e  d i f fused  i n t o  the  atmosphere 

a r e  in p a r t s  per  b i l l i o n  o r  lower. Methods of chemical a n a l y s i s  would 

have t o  be d r a s t i c a l l y  improved before  these  low l e v e l  s i g n a t u r e s  could 

be succes s fu l ly  de tec ted .  
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G The f i r s t  approach t o  t h i s  problem was t h e  at tempt  t o  d e t e c t  ammonia 

which is given o f f  by t h e  human body and which i s  formed i n  t he  

decomposition of ur ine.  The o r i g i n a l  device  which was developed by a  

con t r ac to r  f o r  t h e  Land Warfare Lab cons is ted  of two p a r t s .  The f i r s t  

p a r t  of t h e  instrument r eac t ed  t h e  sampled atmosphere wi th  hydrogen 

c h l o r i d e  t o  form p a r t i c l e s  of ammonium ch lo r ide .  These p a r t i c l e s  would 

then a c t  as condensation n u c l e i  i n  a p a r t i c u l a t e  counter .  By counting 

these  p a r t i c l e s ,  " ac t iv i ty"  could then be  de tec ted .  Although simple 

c a l c u l a t i o n s  quick ly  showed t h a t  ammonia l e v e l s  would i n  no c a s e  be 

h igh  enough f o r  any d e t e c t i o n  by t h i s  method, t h e  device  s t i l l  seemed 

t o  d e t e c t  a c t i v i t y .  It w a s  l a t e r  discovered t h a t  t h e  f i r s t  p a r t  of t h e  

instrument could be completely removed, and "ac t iv i ty"  w a s  s t i l l  de t ec t ed .  

The f i n a l  design of t h e  instrument  which i s  now c a l l e d  t h e  CN d e t e c t o r  

a c t u a l l y  measures t h e  t o t a l  p a r t i c u l a t e  count over a  jungle  a r ea .  I n  

areas where t h e r e  i s  some human a c t i v i t y  under t h e  jungle  canopy t h e  t o t a l  

count of p a r t i c u l a t e s  i n  t h e  atmosphere inc reases  dramat ica l ly .  Obviously 

a  low background count is  necessary. 

Though it was f i r s t  be l ieved  t h a t  t he  p a r t i c u l a t e s  o r i g i n a t e d  from 

motion and dus t  being r a i s e d  from t h e  ground o r  d i r e c t l y  from human 

e f f l u v i a ,  i t  is  now accepted t h a t  t he  p a r t i c l e s  o r i g i n a t e  from campfires  

and cooking s toves  which put  out f i n e  p a r t i c u l a t e s  i n  t h e  form of smoke. 

Even a f t e r  t h e  smoke has  been d i l u t e d  t o  t h e  po in t  of being v i s u a l l y  

unobservable, it can s t i l l  be de t ec t ed  by the  CN de t ec to r .  By a e r i a l l y  

p l o t t i n g  a  g rad ien t  map of t h e  p a r t i c u l a t e  count ,  t h e  genera l  a r e a  where 

a l a r g e  accumulation of men i s  loca ted  can usua l ly  be determined. A s  

may be expected t h e r e  are many reasons  f o r  ob ta in ing  f a l s e  s i g n a l s  i n  

2 
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such a device. Since the CN d e t e c t o r  d e t e c t s  any p a r t i c u l a t e  r ega rd l e s s  

of i t s  o r i g i n ,  t he  instrument has  no s e l e c t i v i t y .  

Spurred on by t h e  apparent success  of t h i s  e f f o r t ,  va r ious  Army 

l a b o r a t o r i e s  have begun development of more soph i s t i ca t ed  and s e n s i t i v e  

means of d e t e c t i n g  chemical e f f l u e n t s .  It became apparent  t h a t  i f  

s tandard means of chemical a n a l y s i s  could d e t e c t  p a r t s  per  b i l l i o n  o r  

p a r t s  per t r i l l i o n  of v o l a t i l e  components which a r e  o r i g i n a t i n g  from 

a t a r g e t  then it might be poss ib l e  t o  r o u t i n e l y  d e t e c t  explos ives  

such a s  TNT and dynamite, poss ib ly  mines, bombs and concealed weapons, 

veh ic l e s ,  drugs and n a r c o t i c s ,  a s  we l l  a s  personnel.  

Siqce these  techniques provided a new f a c e t  t o  t h e  de t ec t ion  problem 

an ASAP s tudy was proposed t o  Lieutenant  General Gribble ,  Chief of 

Research and Development who approved t h e  study. M r .  Robert L. Johnson, 

Ass is tan t  Secre ta ry  of t h e  Army (Research and Development) requested 

t h a t  four  members of ASAP se rve  on t h e  Ad Hoc Group. The group cons is ted  

of D r .  Robert A.  Beaudet, Professor ,  Department of Chemistry, Univers i ty  

of Southern C a l i f o r n i a ;  D r .  James J. Renier,  Vice-president and General 

Manager, Data Systems Operat ions,  Honeywell Inc. ;  D r .  Max Garbuny, 

Consul tant ,  Westinghouse Company, P i t t sbu rgh ,  Pennsylvania; D r .  Harold 

Weber, Consultant.  

The problem which was given t o  t he  ASAP Ad Hoc Committee was t o  

review the  research  and development in the  t r a c e  gas a r e a  and a s s e s s  

i t s  p o t e n t i a l .  The terms of re ference  a r e  given i n  Appendix A of 

t h i s  r epo r t .  The Ad Hoc Group met a t  approximately t h r e e  d i f f e r e n t  

t s  fo r  the  purpose of being b r i e f ed  by the  Land Warfare Lab, The 

a Mobility Equipment Research and Development Center ,  Edgewood Arsenal ,  
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Deseret  Test  Center ,  and t h e  Cold Regions Research Laboratory. A l i : , t  

of b r i e f e r s  i s  given i n  Appendix B. The pane l  was exposed t o  a l l  t h e  

methods of e f f l u e n t  d e t e c t i o n  which a r e  p r e s e n t l y  be ing  s tud i ed  and 

developed. The Ad Hoc Group has  reviewed t h e s e  techniques  a s  wel l  a s  

t h e  Army needs and requirements  and t h e  promise of each method. 

11. Summary: 

Trace gas  a n a l y s i s  and i d e n t i f i c a t i o n  of vapors  is a r e l a t i v e l y  11t I .  

and unexplored approach t o  d e t e c t i o n .  The Army has  always had a deep 

i n t e r e s t  i n  a l l  d e t e c t i o n  techniques.  It has  found many appl icat ior lL:  

i n  d e t e c t i o n  of m i n e s ,  t unne l s ,  personnel ,  chemical and b i o l o g i c a l  

agen t s ,  e t c .  Trace gas  a n a l y s i s  should be  considered a s  j u s t  ano the r  

approach t o  so lv ing  these  d e t e c t i o n  problems. Therefore ,  t h e  Army 

should keep a b r e a s t  of t echniques  of vapor d e t e c t i o n  and any developmenic 

i n  t h i s  f i e l d  which might be a p p l i c a b l e  t o  i t s  mission.  

Since t h i s  i s  a  r e l a t i v e l y  new f i e l d ,  i t  has  been developing r a p i d l y ,  

spurred on by t h e  growing i n t e r e s t  i n  t h e  monitor ing of a i r  p o l l u t i o n  

and a  growing interest i n  t h e  enforcement of n a r c o t i c  l a w s .  

The techniques of t r a c e  gas  d e t e c t i o n  may be  c l a s s i f i e d  i n t o  two 

c a t e g o r i e s ,  remote sens ing  and chemical s n i f f i n g .  Remote sens ing  i s  

concerned wi th  t h e  rea l - t ime  d e t e c t i o n  of vapors  from a d i s t ance .  C J t l i l ~  

t he  o lde r  methods used adso rp t ion  spectroscopy p re sen t  schemes use I d s t .  

techniques.  The second gene ra l  approach, chemical s n i f f i n g ,  depends OI .  

sampling a  vapor plume being emanated from a source.  Subsequently,  tile 

plume is  analyzed wi th in  seconds t o  determine what f o r e i g n  v o l a t i l e s  arc, 

p r e sen t .  The former approach is  obviously very  a t t r a c t i v e  f o r  t he  dctcc  ' 

of a i r  p o l l u t a n t s  from smoke s t a c k s ,  c louds  of chemicals ,  o r  b io log iL , j l  

4 
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e f f l u v i a  emanating from bui ld ings ,  e t c .  Chemical s n i f f i n g  seems more 

adaptable t o  de tec t ion  of v o l a t i l e 8  from c lose  d is tances  such a s  

explosives,  na rco t i c s ,  chemical and b io  agents .  It i s  with these  two 

techniques t h a t  this panel has concerned i t s e l f .  

We have found genera l ly  t h a t  the  Army has lacked a systematic 

approach t o  the  problem because the  techniques a r e  new. In many cases 

the  Army l a b o r a t o r i e s  have been s a t i s f i e d  t o  "hobby shop" with no 

systematic study of source s ignatures  of average background l e v e l s  and 

of t h e  broad spectrum of p o t e n t i a l  approaches. Also i t  has  not been 

c l e a r  t h a t  the  approaches being followed would ever be p r a c t i c a l  i n  

producing opera t ional  equipment. 

In many cases though t h e  app l i ca t ions  f o r  t r a c e  gas de tec t ion  a r e  

qu i t e  d i f f e r e n t  and orthogonal t o  each o the r ,  many common problems 

a r i s e ,  e.g. (1) how does one sample a gas containing small t r a c e s  of 

@ a given mater ia l?  (2) how does one transmit  these  samples through t h e  

instrumentation without l o s s  of the  t r a c e  gases? 

It seems t o  the  panel t h a t  one labora tory  with exper t i se  i n  t r a c e  

gas ana lys i s  should undertake a l l  6.1 e f f o r t  t o  determine how t o  solve 

those problems which a r e  common t o  a l l  app l i ca t ions  of chemical detect ion.  

The panel a l s o  f e l t  t h a t  the  mission or iented  app l i ca t ions  i n  the  6.2 t o  

6.4 ca tegor ies  should be undertaken by the  mission or iented  l abora to r i e s  

s ince  the approaches t o  be followed would vary d r a s t i c a l l y  with t h e  

problem t o  be solved. It a l s o  seemed t o  the  panel t h a t  with the  poss ib le  

exception of mine detec t ion  and chemical agent de tec t ion  the re  was a l ack  

of formal requirements in the  t r a c e  gas area.  Obviously before f u r t h e r  

e f f o r t  be expended in t r a c e  gas de tec t ion ,  Army requirements should be 

reviewed and properly defined. 
5 
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The panel  hopes t h a t  t h e  conclusions and recommendations of Sect ion 

1x1 w i l l  f u r n i s h  more ma tu r i t y  and organiza t ion  t o  t he  a r e a  of t r a c e  

gas de t ec t ion .  There i s  no doubt t h a t  t r a c e  gas  d e t e c t i o n  needs a 

b e t t e r  program development and t h a t  u ses  of t r a c e  gas d e t e c t i o n  must 

be put  i n  pe r spec t ive  wi th  o t h e r  d e t e c t i o n  techniques.  Now t h a t  t h e  

l o r e  and usefu lness  of t h e  CN d e t e c t o r  can be b e t t e r  s c r u t i n i z e d ,  t he  

whole t r a c e  gas  d e t e c t i o n  program should be approached more systemati-  

c a l l y  and maturely. 

111. Conclusions and Recommendations: 

Based on our  exposure t o  t h e  problem, t h e  group has  a r r i v e d  a t  t h e  

fol lowing conclusions and recommendations: 

a. Conclusion: Trace gas a n a l y s i s  programs f a l l s  w i th in  t h e  broad 

area of d e t e c t i o n  tec-ue research .  

Recommendation: Trace gas a n a l y s i s  d e t e c t i o n  r e sea rch  should be  

considered an i n t e g r a l  p a r t  of t h e  Army Research Programs on v a r i o u s  

d e t e c t i o n  techniques.  The l e v e l  of 6.1 and 6 .2  e f f o r t s  i n  each a r e a  

should be based upon t h e  r e l a t i v e  m e r i t s  of t r a c e  gas  techniques a s  

compared wi th  o the r  d e t e c t i o n  techniques.  Any 6.3 and 6.4 e f f o r t  should 

be the  r e s u l t  of a v a l i d  mission requirement f o r  which t h e  t r a c e  gas  

techniques provide the  optimum so lu t ion .  The appropr i a t e  l e v e l s  of 

e f f o r t  should be determined by t h e  l a b o r a t o r i e s  i n  charge of each mission. 

b. Conclusion: The management and d i r e c t i o n  of t h e  development 

e f f o r t s  in 6.2-6 .4  should be s i m i l a r  .to t h a t  employed f o r  o the r  de t ec t ion  

techniques. The panel  has  a d e f i n i t e  concern i n  t h i s  a r e a  s i n c e  it i s  

not  c l e a r  t h a t  t he  systems d i s c i p l i n e  customari ly  employed by t h e  AMC 
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l abora to r i e s  i s  being adhered t o  i n  a l l  DA sponsored Trace Gas Detection 

programs . 
Recommendation: The exp lo i t a t ion  of a s p e c i f i c  t r a c e  gas detec- 

t i o n  technique in a 6.3 and 6.4 type program should be done with the  a i d  

of a thorough systems a n a l y s i s  t h a t  i s  guided by the  mission cons t ra in t s .  

Major c o n s t r a i n t s  a re :  (1) f i t n e s s  of purpose; (2) a v a i l a b i l i t y ;  

(3) r e l i a b i l i t y ;  (4) mainta inabi l i ty ;  (5) cos t .  

c.  Conclusion: Work in t h i s  a rea  is fragmented among th ree  labora- 

t o r i e s  (Edgewood Arsenal, MERDC, Land Warfare Labs). 

Recornendation: The R&D work aimed a t  s a t i s f y i n g  a s p e c i f i c  

mission requirement necessa r i ly  encompasses 6.1 and 6.2 e f f o r t s  which a r e  

s p e c i f i c a l l y  r e l a t e d  t o  the  performance of the  system in question. 

Physico-chemical p roper t i e s  of t h e  agents  t o  be detected,  c h a r a c t e r i s t i c s  

of the  de tec t ion  environment, f a c t o r s  r e l a t i n g  t o  vapor a v a i l a b i l i t y  and 

d i s t r i b u t i o n ,  and the  dynamics of sample acqu i s i t ion  a r e  v a s t l y  d i f f e r e n t  

i n  each requirement appl ica t ion .  Consequently, a l l  R&D phases w i l l  have 

t o  remain the  r e s p o n s i b i l i t y  of the  lead  labora tory  charged wi th  the  

mission. However, coordinat ion of the  various e f f o r t s  must be strength-  

ened t o  assure  the  most e f f e c t i v e  u t i l i z a t i o n  of da ta  and technologies. 

This coordination should be accomplished a t  t h e  DA s t a f f  l eve l .  

Coordination a t  t h i s  l e v e l  would a s s i s t  i n  ident i fy ing the  ava i l ab le  

resources within and outs ide  the  Government t o  ca r ry  out  s p e c i f i c  support 

t a sks  i n  the  6.1 and 6.2 categories.  

d. Conclusion: Vi r tua l ly  a l l  e x i s t i n g  programs in t h i s  a r e a  a r e  

based on the  current  state-of-the-art technology. The achievement of 
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higher d e t e c t i v i t y  l e v e l s  w i l l  r equ i re  a breakthrough. With the  poss ib le  

exception of the  enzyme work a t  Edgewood, t h e r e  i s  no s i g n i f i c a n t  program 

aimed a t  a breakthrough i n  de tec t ing  a concentrat ion l e v e l  below 1.0 ppm. 

Remote gas de tec t ion  by IR-optical means a program t h a t  i s  s t i l l  i n  i t s  

e a r l y  s t a g e s  promises considerable growth po ten t i a l .  With exception of 

the  old LOPAIR system and RAMAN s c a t t e r i n g  system, s i g n i f i c a n t  e f f o r t s  a r e  

not underway in t h i s  research  f i e l d  within the  Army. 

Recommendation: In  add i t ion  t o  the  enzyme work a t  Edgewood, new 

6.1 and 6.2 programs should be undertaken with the  ob jec t ive  of develop- 

ing  f r e s h  approaches. A t  the  present ,  though we can rou t ine ly  "count" 

individual  nuclear ,  e l e c t r o n i c ,  o r  photon events ,  the re  a r e  no means of 

counting individual  molecular events .  Such an approach might be one t h a t  

i s  concerned with surface-gas phenomena. An example of a use fu l  extension 

of technology i n  the  renmte sensing a r e a  could be inves t iga t ions  concern- 

ing  the  use of tunable and oontunable l a s e r s .  

e. Conclusion: The f i r s t  a rea  i n  which t h i s  t r a c e  gas de tec t ion  

technology has been applied i s  i n  the  chemical warfare /b io logica l  research  

(CW/ BR) programs. 

/ Recommendation: Edgewood Arsenal should continue t o  be the  cen te r  

of mission or iented  e f f o r t s  in the  chemical warfare /b io logica l  research  

e f f o r t .  

f .  Conclueion: Two of the novel t r a c e  gas de tec t ion  programs involve 

enzyme research and the  use of bioluminescence. Enzyme work i s  

expecia l ly  promising because of i t s  high s e l e c t i v i t y .  The panel i s  

in t r igued with the  bioluminescence e f f o r t  but has r e se rva t ions  about t h e  

v a l i d i t y  of the  observations and r e s u l t s  t h a t  have been reported.  

8 
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Recommendation: Work in both of these areas should be followed 

to logical conclusions. 

g. Conclusion: Work on detection of drugs and explosives is in a 

very early stage. Very little quantitative data on the composition and 

vapor pressure of effluents from drugs and explosives exists. 

Recommendation: Further work concerned with the detection of 

heroin and TNT should include a more analytical approach with controlled 

experiments until it is known what is being measured, 

h. Conclusion: The Army Research program is generally lacking in 

basic analysis. This should be part of any 6.1 program. The program 

for the most part is applied in nature. 

Recommendation: Emphasis should be shifted to more basic 

research. Applied research will be justified to a greater extent when 

requirements are more distinct and the technology is more at hand. 

1. Conclusion: Even with the limited exposure that the Panel had 

to typical programs in the CW area, physical methods of analysis seem to 

have more promise of success than chemical methods. Edgewood Arsenal 

seems to favor and emphasize the chemical approach. (Only chemical 

detection methods have been developed and most current efforts are 

directed at small modifications of the existing techniques). 

Recommendation: More priority should be placed on physical 

methods. 

j. Conclusion: With the exception of CW/BR and mine detection 

programs, there are presently no formally expressed long term 

requirements that juetify 6.2 development efforts in trace gas 
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de tec t ion  technology. The Combat Developments Command i s  r e l a t i v e l y  

dormant i n  t h i s  a rea .  With t h e  emphasis on a i r  po l lu t ion  con t ro l ,  

t h i s  is  hard t o  understand. 

Recommendation: The Army must determine what i t s  needs a r e  and 

then e s t a b l i s h  requirements t o  guide developmental e f f o r t s .  Requirements 

in such a reas  a s  a i r  pollut ion/monitoring and con t ro l ,  pro tec t ion  of 

public  f igures ,  c i v i l  disturbances con t ro l ,  and explosive detec t ion  a r e  

urgently needed i f  meaningful work i s  t o  continue. 

I .  Observations Leading t o  Conclusions : 

Most of the  requirements leading t o  t r a c e  gas techniques have come 

in t h e f o r m  of ENSURE requests .  Materiel  Needs Documents have supported 

only the  chemical agent and mine detec t ion  programs. A s  a consequence, 

many of the  techniques sponsored o r  supported by such Army l a b o r a t o r i e s  

a s  Land Warfare Labs have not  been subjected t o  t h e  normal management 

processes. From the  presenta t ions  given t o  t h i s  group we conclude t h a t  

a s  of t h i s  time no c l e a r  cut  requirements have been defined f o r  the  

m i l i t a r y  use of t r a c e  gas detec t ion .  Though w e  f e e l  t h a t  the  need does 

exist and app l i ca t ions  w i l l  be found i n  explosive de tec t ion ,  concealed 

weapon detec t ion ,  n a r c o t i c s  de tec t ion ,  personnel de tec t ion ,  etc., t h e  

problems have not been c a r e f u l l y  s tudied o r  defined. For example, does 

t h e  Army have an i n t e r e s t  in detec t ing  narcot ics?  If so,  what a r e  the  

minimum requirements necessary t o  make t h e i r  de tec t ion  useful?  Must the  

de tec tor  be able  t o  de tec t  t r a c e  gases from a thousand foot  a l t i t u d e  i n  

a he l i cop te r  o r  by s n i f f i n g  a s u i t c a s e  or  a sealed package? For what time 

dura t ion  can the  instrument sample in  a p r a c t i c a l  system? What i s  a 

t y p i c a l  scenario f o r  the  use of t h i s  instrument? Unt i l  quest ions such 

a s  these have been answered and a working parameter envelope has been 

10 
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c l e a r l y  defined f o r  an opera t ional  and use fu l  system, i t  i s  impossible 

t o  c r i t i c a l l y  evaluate the  approaches present ly  under study. W e  have 

found t h a t  i n  a l l  cases except chemical agent de tec t ion  the  labora tory  

inves t iga to r s  have guessed what the  Army would need without ever  having 

received formal s p e c i f i c  requirements. 

I n  some respec t s  the  de tec t ion  of t r a c e  gaees i s  analogous t o  an  

e lec t ron ic  de tec t ion  system. In the  l a t t e r  s i t u a t i o n  one normally 

considers  an RF source which i s  emit t ing  rad ia t ion  a t  a given frequency 

and i n t e n s i t y .  One then worr ies  about what w i l l  be necessary t o  d e t e c t  

the s i g n a l  from t h i s  source in the  presence of a background, comparable 

s igna l s  from other  s imi la r  sources and of noise  which may be produced 

ins ide  o r  ou t s ide  of the detec t ing  system. By a c a r e f u l  ana lys i s  of t h i s  

type one can determine the  bandwidth and the  monitoring time which w i l l  

be necessary t o  de tec t  the  t a r g e t  source. 

The problem of the  de tec t ion  of t r a c e  gases emanating from a source 

is i n  many respects  s imi lar .  The source w i l l  be emanating vapors a t  a 

given r a t e  i n t o  the  atmosphere. These vapors w i l l  be dispersed o r  

car r ied  i n  a narrow plume. The d i s p e r s a l  r a t e  w i l l  depend on t h e  

meteorology. The e f f l u e n t s  from the  source w i l l  be mixed with t r a c e  

gases of a s imi la r  na ture  ( the  background) and with o ther  i n t e r f e r i n g  

t r a c e  gases which may give similar s i g n a l s  in t he  de tec t ing  instrument 

( the  noise) ,  I f  one knows the  r a t e  a t  which the  source emits  i ts  

s ignature  and the  nature  of the  s ignature ,  a s  w e l l  a s  the  corresponding 

c h a r a c t e r i s t i c s  of competing background and noise ,  it should be poss ib le  

t o  determine how long and a t  what r a t e  one must sample i n  order  t o  get  a 

s i g n a l  with a given s i g n a l  t o  no i se  r a t i o .  I f  the  na tu re  of the  noise  i s  

11 
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known, i t  should a l s o  be poss ib le  t o  determine the  necessary s e l e c t i v i t y  

(bandwidth) necessary t o  get  high l e v e l s  of confidence. 

Hence, f o r  any given app l i ca t ion  the re  a r e  c e r t a i n  c r i t i c a l  parameters 

which must be speci f ied .  For t r a c e  gas de tec t ion  these  include: 

Detector s e n s i t i v i t y .  This i s  the  minimum amount of t r a c e  gas 

necessary t o  produce a s i g n a l  wi th  a given s i g n a l  t o  noise  r a t i o  i n  

the  de tec tor  i t s e l f .  Usually the  time constants  and sweep r a t e s  must 

be speci f ied .  

Se lec t iv i ty .  This i s  analogous t o  the  bandwidth i n  an RF de tec to r ,  

and determines what o ther  i n t e r f e r i n g  species  w i l l  a l s o  give p o s i t i v e  

s i g n a l s  In t he  de tec tor .  However, in many cases  i t  i s  d i f f i c u l t  t o  

q u a n t i t a t i v e l y  speci fy  t h i s  p a r t i c u l a r  parameter. 

Sampling t i m e .  This includes the  r a t e  of flow of gas through the  

sampling o r i f i c e .  

System s e n s i t i v i t y .  This quant i ty  w i l l  be determined by t h e  r a t e  of 

sampling, sampling time and t h e  de tec to r  s e n s i t i v i t y .  

The Instrument Configuration. The f i n a l  configurat ion of an 

instrument f o r  de tec t ing  t r a c e  gases f o r  a  p a r t i c u l a r  app l i ca t ion  

w i l l  be very dependent on the  required c h a r a c t e r i s t i c s .  If by none 

of the  known approaches can one a r r i v e  a t  t h e  required s e n s i t i v i t i e s  

and s e l e c t i v i t i e s  f o r  the  needed sampling r a t e s  and dura t ions ,  i t  i s  

a waste of time and money t o  proceed any fu r the r .  If it appears t h a t  

it is f e a s i b l e  t o  use chemical t r a c e  de tec t ion  f o r  the  appl ica t ion ,  

then the  f i n a l  configurat ion w i l l  be dependent on t h e  parameters 

which we have j u s t  determined. 
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The usual instrument w i l l  cons is t  of var ious  p a r t s  some of which may 

or may not be necessary. 

Sampling nozzle. Some means must be ava i l ab le  t o  sample the  atmos- 

phere and t o  transmit the  vapors i n t o  the  detec tor .  Up t o  the  present  

time very l i t t l e  ca re  has been given t o  e i t h e r  the  method of sampling 

t r a c e  gases o r  of t ransmitt ing very small q u a n t i t i e s  of gases through 

the apparatus. 

Preconcentrator. If the  detec tor  s e n s i t i v i t y  is  not s u f f i c i e n t  f o r  

the  appl ica t ion,  i t  may be poss ib le  t o  preconcentrate the t r a c e  gas 

by accumulating the  vapors f o r  a predetermined length of time. I n  

this way the  s e n s i t i v i t y  of the  overa l l  system can be enhanced. 

For example, the  adsorption of t r a c e  gases on clean go ld fo i l  has 

been successful  i n  the  Hydronautics instrument and in the  NO gas 

discharge detector .  The surface of the  gold is  cleaned by heating t o  

400°C. Then the  atmospheric sample i s  passed over the  c lean surface  

where the  organic impur i t ies  a r e  adsorbed on the  gold surface.  After  

the  sampling time has elapsed the  adsorbed t r a c e  gases a r e  re-evolved 

i n  a shor t  pulse by f l a s h  heating the  gold surface  t o  400°C, 

Detector. The t r a c e  gas which has been preconcentrated and possibly 

modified is now transported t o  the  detec tor  where it i s  analyzed. 

The detec tor  could be any physical  or  chemical means of determining 

the  concentrated gas. 

Data processing. The data  coming from the  detec tor  can be f u r t h e r  

processed t o  increase  the  s igna l  t o  noise  r a t i o  and increase the  

s e l e c t i v i t y .  
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Other f a c t o r s  i n  the  f i n a l  configurat ion of t h e  equipment, such a s  

r e l i a b i l i t y ,  mainta inabi l i ty ,  and t r a n s p o r t i b i l i t y  i n  the  f i e l d  must be 

considered. 

Once the  requirements have been c l e a r l y  defined, w e  recommend t h a t  a 

eyetems ana lys i s  be conducted t o  determine the  most promising approaches 

t o  each problem. Since t r a c e  gas a n a l y s i s  w i l l  probably never be a h igh  

p r i o r i t y  requirement of the  Army, funding w i l l  be l imi ted .  In order  t h a t  

the  funding be most e f f i c i e n t l y  used, i t  i s  necessary t h a t  the  most 

promising approaches be singled out .  A systems a n a l y s i s  i s  of grea t  a id  

i n  such a case. 

Trace gas a n a l y s i s  is  amenable t o  the  systems ana lys i s  approaches 

devised f o r  radar  detect ion:  one must consider s i g n a l  s t r eng th ,  source, 

t a r g e t  and c l u t t e r  in background a s  in radar  appl ica t ions .  We be l i eve  

t h a t  such a study w i l l  immediately e l iminate  many use less  approaches and 

focus on o the r s  which a r e  more promising. Other f a c t o r s  which should be 

a l s o  a p a r t  of the  f i n a l  systems ana lys i s  and properly weighed a r e  

r e l i a b i l i t y  and main ta inab i l i ty  of equipment. It i s  the  general  

coneensus of the  ADHOC group t h a t  such a study w i l l  most l i k e l y  lead t o  

the  following conclusions: 

a.  Not enough importance has been given t o  s e l e c t i v i t y .  I f  a 

technique i s  s e n s i t i v e  but doesn' t  d i s t ingu i sh  between var ious  t r a c e  gases,  

it w i l l  prove of l imi ted  u t i l i t y .  

b. In  many cases it w i l l  be more convenient t o  d e t e c t  a commonly 

occuring v o l a t i l e  impurity r a t h e r  than the  ma te r i a l  i t s e l f .  For example, 

in TNT the  vapor pressure of the  DNT is  roughly equal t o  i f  not  higher 
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than t h a t  of the  TNT, and DNT i s  always present  i n  commercial unrefined 

TNT a s  an impurity. 

c. Often some means of preconcentrat ion and extended sampling may 

be necessary f o r  very high s e n s i t i v i t i e s .  

d. Technical approaches which use physical  means of de tec t ion  such 

a s  spectroscopy, magnetic resonance, mass spectroscopy w i l l  o f t e n  be more 

read i ly  maintainable and r e l i a b l e  than standard chemical means such a s  

those p resen t ly  used in the  M8. 

Many of the  bas ic  problems associa ted  with t r a c e  gas de tec t ion  a r e  

conmron t o  a l l  approaches. Thus i n  a l l  techniques being attempted, a most 

troublesome s t ep  seems t o  be the  t r anspor t  of t r a c e  q u a n t i t i e s  of gases 

through the  instrument t o  the  de tec tor .  We recommend t h a t  the  su r face  

p roper t i e s  of the  t r a c e  gases i n  question and t h e  adsorption of these  

d i l u t e  gases on surfaces  be more f u l l y  s tudied t o  optimize the  r a t e  of 

t ranspor t  of these  gases during t h e i r  passage t o  the  de tec tor .  L i t t l e  

a t t e n t i o n  has been paid t o  the  techniques of a i r  sampling and the  proper 

construct ion and mechanical design of nozzles. For example, i n  heated 

systems the  nozzle t i p  i s  o f t en  the  coldest  surface  i n  the  system. Hence, 

in many cases the  t r a c e  gases t o  be detected adsorb on the  nozzle t i p  and 

never proceed t o  the  de tec tor .  

Other types of de tec tors .  We recommend t h a t  enzymes systems be 

inves t iga ted  a s  p o t e n t i a l  de tec tors .  Enzymes o f f e r  promise f o r  de tec t ing  

nerve gases and are being successful ly  used in t he  FRAT system f o r  the  

de tec t ion  of morphine. Enzymes a r e  epec i f i c  t o  one type of molecule ( the  

keyhole theory). If proper enzymes s p e c i f i c  f o r  a p a r t i c u l a r  t r a c e  gas 
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could be found, such a system might provide t h e  u l t i m a t e  i n  both  s e n s i t i v -  

i t y  and s e l e c t i v i t y  f o r  s n i f f i n g  app l i ca t ions .  

Perhaps s u r f a c e  e f f e c t s  could be d i r e c t l y  used f o r  t h e  d e t e c t i o n  of 

gaseous ma te r i a l s .  Since c e r t a i n  compounds such a s  TNT adsorb on s u r f a c e s ,  

it i s  p o s s i b l e  t h a t  a d e t e c t i o n  method might involve  concent ra t ion  by 

adsorp t ion  on a su r f ace  and d e t e c t i o n  whi le  on t h e  su r f ace  i t s e l f ,  r a t h e r  

than by d e t e c t i n g  them in t h e  gas phase. Z e o l i t e s  and c l a p h t h r a t e s  might 

very  we l l  func t ion  as t rapping  media f o r  s e l e c t i v e  molecules. 

The Study of t h e  o l f a c t o r y  process.  Since t h e  dog has  been so success- 

f u l  i n  t h e  d e t e c t i o n  of mines and booby t r a p s  and s i n c e  i t  i s  l i k e l y  t h a t  

t he  dog uses  ex t ens ive ly  the  sense of smel l ,  b a s i c  s t u d i e s  should be done 

on t h e  o l f a c t o r y  sense and t h e  mechanisms used by animals  f o r  de t ec t ion .  

We recommend support  be given i n  t h e  6 .1  ca tegory  f o r  such s tud ie s .  

For remote sens ing  resonant  f luorescence  and resonance adso rp t ion  seem 

t o  be  promising approaches and we  recommend that t h e  s c a t t e r i n g  and 

adsorp t ion  c ross-sec t ions  of p o t e n t i a l  t r a c e  gases  be determined. 

S tandard iza t ion .  We recommend t h a t  a t t e n t i o n  be given t o  t h e  

s t anda rd iza t ion  of s e n s i t i v i t i e s  and s e l e c t i v i t i e s  of t h e  v a r i o u s  

d e t e c t o r s  i n  development. For example, on one of our f i e l d  t r i p s  t o  

observe the  bioluminescent  d e t e c t o r  in opera t ion ,  members of t h i s  panel  

determined t h a t  while  t h e  con t r ac to r  thought he was sens ing  he ro in  vapors  

he a c t u a l l y  was sensing a c e t i c  a c i d ,  a common impur i ty  i n  heroin.  Hence, 

f a l s e  abso lu t e  s e n s i t i v i t i e s  have been claimed f o r  t h i s  d e t e c t o r  i n  t h i s  

p a r t i c u l a r  a p p l i c a t i o n .  In another  example, t h e  Hydronautics explos ive  

d e t e c t o r  seems t o  d e t e c t  TNT p a r t i c l e s  r a t h e r  than  t r u e  vapor. Because 

of t h e  poss ib l e  presence of impur i t i e s ,  it i s  d i f f i c u l t  t o  prepare  

16 
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standards a t  very low concentrations. Hence, o f t en  these  quoted sens i t iv -  

ities a r e  meaningless numbers a t  t h i s  time. 

Though it  is  easy with present  day laboratory technology t o  detec t  

and i d e n t i f y  individual  nuclear events,  i .e . ,  individual  e l ec t rons  and 

photons, it has not  been poss ib le  t o  extend t h i s  technology t o  molecules. 

In f a c t ,  it is  d i f f i c u l t  t o  de tec t  1012 molecules of any given species. 

Before t h i s  d i s p a r i t y  i n  our a b i l i t i e s  i a  overcome w e  bel ieve  t h a t  some 

breakthrough is  necessary. While e lec t rons  and photons a r e  detected 

in mul t ip l i e r  tubes which amplify by creat ing avalanches, it does not 

seem l i k e l y  t h a t  these  techniques a r e  d i r e c t l y  appl icable  t o  molecules. 

Some other technique of chemical amplif icat ion seems necessary. Cataly- 

sis o f f e r s  such a p o s s i b i l i t y .  For example, enzymes can g rea t ly  increase 

the  r a t e  of c e r t a i n  chemical r eac t ions  by ac t ing  a s  ca ta lys t s .  Besides, 

@ enzymes are known t o  be highly s p e c i f i c  t o  given molecules in t h e i r  

e f f e c t .  For example, they can d i s t ingu i sh  between stereoisomers. 

Enzymes might be the  b a s i s  on which molecular mul t ip l i e s  could be 

developed fo r  ana lys i s  and detec t ion techniques. 

An e a r l y  appl ica t ion of chemical de tec t ion was i n  t h e  CW/BR area  

and Edgewood Arsenal has had much experience i n  t h i s  f i e l d .  However, 

the l e v e l  of s e n s i t i v i t y  necessary t o  d e t e c t  a lethal chemical cloud i s  

much lower than t h a t  needed in t r a c e  gas detect ion.  Most l e t h a l  clouds 

contain agents a t  concentrat ions higher than one p a r t  per  mi l l ion .  To 

de tec t  concentrat ions a t  a p a r t  per b i l l i o n  i s  a much more d i f f i c u l t  

procedure. Although Edgewood Arsenal has done a noteworthy and competent 

job of detec t ing in the  WBR area ,  these  procedures a r e  i n  many respec t s  

qu i t e  d i f f e r e n t  from those necessary in t r a c e  gas detect ion.  

17 
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Although enzymatic methods show promise, t h e  bioluminescence detectol- 

descr ibed t o  u s  does not  seem t o  show the  s e n s i t i v i t y  o r  s p e c i f i c i t y  

necessary.  Also we seve re ly  ques t ion  t h e  v a l i d i t y  of t h e  observa t ions  

, which have been repor ted .  We b e l i e v e  t h a t  a l l  of t h e  work done on 

bioluminescence should be met icu lous ly  sc ru t in i zed .  

The work being done i n  some of t h e  Army l a b o r a t o r i e s  on t h e  de t ec t ion  

of drugs i s  l ack ing  in a systems a n a l y s i s  approach. In  many cases  t h e  

chemical s i g n a t u r e s  of t hese  m a t e r i a l s  a r e  unknown. The v o l a t i l i t i e s  

of some of t h e  m a t e r i a l s  a r e  so low as t o  almost defy  measurement. For 

axample, t h e  bioluminescent d e t e c t o r  when used f o r  d e t e c t i n g  hero in  i s  

d e t e c t h g  a c e t i c  ac id  usua l ly  contained in e l i c i t  hero in .  

A t  t h e  p re sen t  t ime some Army l a b o r a t o r i e s  (LWL) have been developing 

chemical d e t e c t i o n  techniques where t h e r e  i s  no Army requirement.  

P re sen t ly ,  t h e r e  a r e  e f f o r t s  in a i r  p o l l u t i o n ,  drug d e t e c t i o n ,  and o t h e r  

areas where no formal requirements exist. Work should no t  be done where 

no Army requirement e x i s t s .  
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ASAP STUDY - TRACE GAS DETECTION 

1. Name: ASAP Ad Hoc Group on Trace  Gas D e t e c t i o n  

2 .  Sta tement  o f  t h e  Problem: To e v a l u a t e  t h e  most promising approaches  
t o  t echn iques  and u s e s  o f  t h e  d e t e c t i o n  o f  t r a c e  g a s e s  i n  m i l i t a r y  
a p p l i c a t i o n .  'Ihe p r o b a b i l i t y  of success  o f  each approach w i l l  be 
a s s e s s e d .  

3 .  Cons i d e r a  t i o n s  : 

a .  The Army h a s  been i n v e s t i g a t i n g  t h e  f e a s i b i l i t y  o f  d e t e c t i n g  
the  chemical  p r o p e r t i e s  of t r a c e  g a s e s  i n  c o n c e n t r a t i o n s  o f  
lppm o r  l e s s .  These t echn iques  may be u s e f u l  i n  d e t e c t i n g  
chemical  w a r f a r e  a g e n t s ,  e x p l o s i v e s  and mines,  exhaus t s  o f  
i n t e r n a l  combus t i o n  e n g i n e s ,  people ,  e t c .  

b. Numerous t echn iques  a r e  be ing  s t u d i e d .  For example, t h e  use  
o f  mass spec t roscopy  i s  being i n v e s t i g a t e d  by LWL, e l e c t r o n i c  
emiss ion spec t roscopy  by MERDC, I R  a b s o r p t i o n  spec t roscopy  by 
Edgewood, Remote Raman Sens ing ,  e t c .  Other promising methods 
may n o t  be under i n v e s t i g a t i o n  a t  t h e  p r e s e n t  t ime. 

c .  Besides  t h e i r  use  i n  pure  m i l i t a r y  a p p l i c a t i o n  such a s  low and 
mid i n t e n s i t y  c o n f l i c t s ,  t h e s e  t echn iques  may be  v e r y  u s e f u l  
i n  c i v i l  a p p l i c a t i o n s  such a s  sque lch ing  t h e  growing number o f  
c i v i l  d i s t u r b a n c e s ,  e a r l y  d e t e c t i o n  o f  bombs and e x p l o s i v e s  i n  
comnercia l  a i r l i n e s ,  moni tor ing a i r  p o l l u t a n t s  and smoke s t a c k  
e f f l u e n t s ,  e t c .  

d.  These methods might a l s o  f i n d  a p p l i c a t i o n  i n  i n t e l l i g e n c e  purposes .  

4. Terms o f  Reference:  

a .  I d e n t i f y  promising t echn iques  f o r  t r a c e  g a s  d e t e c t i o n .  

b. I d e n t i f y  t h e  t echn iques  w i t h  low and high t e c h n i c a l  r i s k s .  

c .  I d e n t i f y  the  p o s s i b l e  l i m i t s  o f  s e n s i t i v i t y  of each method. 

d. Advise on new methods which should be exp lored  by t h e  Army. 

e.  Recomnend i f  t h e  e f f o r t s  i n  t h i s  f i e l d  can be more e f f e c i e n t l y  
o rgan ized  and d i r e c t e d .  

Appendix A 



DOCUMENT UNCLASSIFIED JCP-I,DPG 

BRIEFINGS ON CURRENT EFFORTS 
I N  TRACE GAS DETECTION 

P h y s i c a l  Methods o f  Trace  Gas D e t e c t i o n  

Chemical Methods o f  Trace  Gas Detec t ion  
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