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1.0 INTRODUCTION

V The present report  documents a con t inua t ion  of the e f f o r t  last described
1. in the report of January ,  1978, Contract No. DAAKO2—74—C—OlOO .

At the end of the prior con t r ac t  period , an experimental  continuous f low

system had been built , and prel iminary tests made on its performance.

Improvement was evidentl y necessary in several areas: flow control of

the reagent and contactor liquid streams , design of the phase separator ,

and design of the detector assembly for elimination of stray light. A

sim ple vapor contactor had been built and tested for efficiency. How-

ever , it was not yet known whether it was of optimum design in view of

the pertinent literature and work of other investigators.

The objectives of the present effort , then , were to: a) survey the

state of the art in vapor/aqueous system contactors , b) select , build ,

and test an appropriate contactor unit , c) design and test an improved

continuous flow reaction system , d) integrate the contactor and reaction/

detection system , and e) test performance of the comb ined system over a
range of TNT— in—air concentrations.

2.0 STUDY OF VAPOR-LIQUID CONTACTORS

2.1 State of the Art in Contactor Design

The design and performance of the contactor are critical for several

reasons. Most impor tan t , the efficiency of transfer of TNT vapor into

the liquid phase must be high to avoid a serious loss of sensitivity. A

relatively large volume of air sample , of the order of several lit ers to

several tens of liter , must contact a relativel y small vol ume of li quid ,

about 1 ml, each minute. Further , the contactor must not signif icantl y

Increase the response time of the system . Specificall y, I t s  wa shou t

t ime should not be long compared wi th  the chemical response t im e  of

t the system . Trace amounts of exp losive vapor must not be i r revers ibly

FR—27 11—lO l
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I.
adsorbed on the contactor surfaces. The contactor must also be reliable ,

have a low maintenance requirement , and preferably be a simple design

suitable for use in a mobile or portable unit.

There exists an extensive technology relating to contactors of various

• types. Unfortunately, little of it is directl y applicable to the present

problem. The~systems for contacting large air volumes with small liquid

streams were desi gned mostly for particle collection. Such systems make

use of particle inertia effects , and as such are generall y inefficient

for trapping traces of vapor. In contactors designed specificall y for

gas analysis, the volume ratio of gas to liquid has not usually been

very high, nor the washout time as rapid as we require. Gas scrubbers

used in chemical processing and pollution control equipment have simi—

larly required neither very large volame ratios nor rapid washout . The

• technique of concentrating the trace vapor on an adsorbant (for example

j .  charcoal or molecular sieve), as practiced for example in gas chroma-

tography, is inapplicable for our needs because small traces of vapor ,

at the levels we must detect , are nearly impossible to desorb (for

subsequent detection), even at elevated temperatures.

A mist—coalescence type of contactor , such as built some years ago by

Cambrid ge Technology, Inc., for Edgewood Arsenal , would appear to be an

attractive approach for trace vapor detection. Unfortunately, this

system was found to be only 15 to 20% effic ient for vapor collection ,

a l though  much bet ter  for collection of microsco~~ie  p a r t i c l e s .  F u r t h e r

difficulties are tha t the mist—forming mechanism often creates a main—

tenance problem , and deposition of mist on the contactor surfaces may •1
result in a long washout time .

After evaluation of the approaches shown in the literature , and con—

sultation with personnel at Chemical Systems Laboratories (Edgewood),

Southern Research Institute , and Beckman Instruments , Inc., a simp le

design was adopted of a type reported by Goodson and Jacobs ,’ and used

so ~~ ~~~ Beckman Process Instrume ts Division in their “Acralyzer” 
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oxidant detector systems. This comprises a straight gl ass tube into

which is c lose ly  f i t t e d  a he l i ca l  element  tha t  increases the  c o n t a c t

su r f ace  area .

I
2 . 2  Fabr ica t ion  and Test of Helical—Element Contactors

Two different types of helical contactor were fabricated for us by a

vendor . In One type , a close—fitting rod , machined with a helica l

groove in its surface , was inserted into a glass tube of 8—mm ID. The

groove was approximatel y of rectangular cross  sect ion , about 4 mm wide

and 1.5 mm deep. In the other design , shown in Figure 1, a close-

f i t t i n g  helical  coil  made f r o m  1/ 16 — i n c h — d i a m e t e r  g l ass  rod was f i t t e d
• i n to  a tube of 8—mm ID , wi th  a tu rn  spacing of 6 mm.

The contac tor  w i t h  the machined in te rna l rod was set as ide  e a r l y  in t h e

experiments  because it proved to have too narrow a channel and excessive

res i s tance  to air  f l o w .  Tests were made on the con tac to r s  w i t h  va r ious

l iquid  and a i r  f low ra tes , and w i t h  f low in both co—cur ren t  (upward and

downward) and c o u n t e r — c u r r e n t  mode. These exper iments  and l a t e r  exper-

ience indicated tha t  f low behavior was best  w i t h  the h e l i c a l — c o i l  con—

tac tor , us ing  downward co—cur ren t  f l o w .  A d i sadvan tage  of upward l iquid

f low was tha t  pool ing  of li qu id would occur in the column even at  high

(20 1/mm ) a i r  f low.  In downward f low , t h i s  e f fe c t  was absen t over a

wide f low range.  The minimum p r a c t ica l. l iqu id  f low r a t e  was about  1 ml

per m i n u t e , w i t h  a i r  f low up to about 4 l i t e r s  per m i n u t e .  At h i gher

air  f lows , pressure drop in the c ou t a c to r  tube  became excessive and

s t a r t ed  to present  a problem in m a i n t a i n i n g  l i qu id  f low through the

system a f t e r  the separa tor .  However , I f , as we suggest  l a t e r , a pen —

st a l t ic  pump is app lied to the out let  end of the f l o w  sys tem , i t  should

be possible to use hi gher a i r  flows.

The washout t ime was de t e rmined  by f l o w i n g  1IC 1 sol ti t ion through the  con—

tac to r  at  about  p11 3 , and a b r u p t l y changing the input to d i s t i l l e d  w a t e r

while monitoring the p11 of the e f f l u e n t .  The washout time was 3 or 4

nUnutes for a pH change of 3 to 4.  This r epresen t s  a decade chang e in

FR—2711—l 0l —3—
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HELIX 1/16” DIA
GLASS ROD APPROX

6 mm BETWEEN TURNS 60 cm
CONTACT FIT
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-
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%5mm ID
NO CONSTRICTION

Figure 1. Experimental Contactor CHelical Coil Model !
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concen t ra t ion  or about 90% washout .  A l t h o u g h a washout t ime of less than

I a minute would be preferred , the con tact o r  appeared s a t i s f a c t o r y  f o r  the

present p r e l i m i n a r y  exper iments .

~ 1-
I 

3.0 CONTINUOUS FLOW SYSTEM : EX P ERi M E NT AL STUDIES

3.1. ~y~ tem Concep t

A block d iagram of the exper imental system is shown in Figure 2. En—

tening the top of the contactor is the air sample stream and a liquid

s t ream of NADH—conraining buffer . Pump 1, feed ing t h i s  l i q u i d  s t r eam ,

L is of p er i s t a l t i c  type s imi la r  to pump 2 .  The a i r  pump , d r a w i n g  in the
air samp le via the bottom of the co n ta c to r  and the phase separa tor , is

of the v i b r a t i n g  diaphragm type.

The li quid effluent f rom the phase separator joins a stream of TNTase

so lu t  ion in mixer 1. Reaction of the NADU wi th TNT beg ins in this mixer
and cont inues  in the  d e lay  e l e m e n t .  The l a t t e r  is desi gned to a l low the

- react  ion to cont inue fo r  30 second s to 1 minute (the same as in the

bench—top procedure) before the next reagent addition .

I The “reaction mix ” from the delay element enters mixer 2 where it joins

the combined streams of luciferase and t et r ad e ca n al  . The l u c i f e r a s c

r e act i o n  is v er y  rap id , probahl.y being comp lete w i t h i n  several mi l l i -

seconds once the components are mixed . It  is essential , therefore , tha t

a l l  of the mix ing  take p lace , if po ssibl e , within f u l l  view of the pho to—

multi p lier. This is done by br inging the  r eac t ion  mix stream and the

combined luciferase/tetradecanal stream into the react ion cell coax—

• . Ia I ly with respect to each o ther , w i t h  the  s t reams j o i n i n g  at  the center

• of the  pho to sp i r a l  and w i t h i n  it s  main p lane  ad jacen t  to the  pho to—

1. spiral. As we show later , the desired mode of mixing of the stream is

by diffus ion. This results In a s t r e t c h — o u t  of the mixing process , su ch
that c ’ u ical reaction and lig ht  emission occur over most or a l l  of the

s p i r a l  p a t h .

I

FR—27h 1— l0l —5—
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As shown by the dotted line in Figure 2, the mixers, drive motors, delay

- element, photospiral, and PMT are all enclosed in a light—tight box.

Although light traps were initially fabricated for blocking entry of

- light into the box via the fluid lines, these were later found unn~ces—

sary. The opaque black Teflon tubing (about 0.030—in. ID) leading into

the box was found by itself to be a sufficient light trap .

Finally, as shown in the figure, the signal from the PMT is amplified by

an electrometer amplifier and applied to a recorder .

I 3.2 Components and Subassemblies

• The following is a further description of various features of the system:

• Liquid Pumps

Low liquid flow rates, required for the TNTase and tetradecanal

solutions, were provided by a Sage motor—driven syringe pump .

(Sage Instruments, Division of Orion Corporation , Cambridge,

MA 02139). Flow rate in this type of pump can be changed by

using various sizes of syringe and incremental change of the

motor speed . Relatively high liquid flow rates, as required

for the NADH and lucif erase, were obtained by using individual,
single—channel. peristaltic pump s (Markson Science , Inc.,  Del

- Mar , CA) , The desired feed rate is obtained in this type of

pump by choice of tubing diameter and selection of the pump

model having nearest to the required rpm .

• TNT Vapor Feed -

J Two arrangements were built for TNT vapor sampling. In one

of these, a regulated flow of inert gas (argon) passes through

I - a tube of TNT—coated Chromosorb G, according to the method of
2

Fella. In the other , the inert gas passes through a vessel in

I which is contained the TNT permeation tube . The first—mentioned
I arrangement is preferred , since the rate of TNT release from the

permeation tube (a very low value~ is unknown, and would be

I.. d i f f i cu l t  to calibrate by any known method .

FR—27 11—lOl —7—
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• Phase Separator Design and Liquid Flow Path

The phase separator is i l lustrated in Fi gur e 3. I ts  large

interna l diameter , compared with that of the contactor tube ,

allows the air stream to slow down , preventing carryover of

droplets  into the air flow regulator .

The- princip le of the reactor flow arrangement was that the liquid

in the system fo l lowing  the phase separator would in e f f e c t  f l o w

throug h an u p r i g h t , U—shaped p a t h .  Mixers 1 and 2 p lus the  re-

a c t i o n  cell would lie within the U, which would s t a r t  at the

bo t t om of the separator and end at  an opening or drain point at

a certain level lower than the meniscus in the phase s epa ra to r .

Th d i f f e r e n c e  in hyd ros t a t i c  head between the meniscus in the

separa tor  and the o u t l e t  of the U would correspond to the air

pressure drop w i t h i n  the contactor . Our experiments did not

p roceed f a r  enough wi th in  the time available to test  c a r e f u l ly

the behavior of this  part  of the f low scheme . Instead , most

of our exper iments  preceded the step at which we would introduce

TNT vapor , and therefore bypassed the contactor and phase sep—

arator . However , our preliminary tests ind icated tha t this

flow arrangement , driven only by a small , gravity—induced

p r essur e di f f e r ent ia l , would not be reliable.  A superior

arrangement would consist in active pump ing of the reaction

stream from the outlet of the photosp iral. A sipper arrangement

in the phase separator would remove excess f low from the  con—

tactor beyond tha t  needed for the react ion stream , and main ta in

a constant meniscus level in the separator.

• Ai r Samp le Flow Control

A Thomas v ibra t ing diap hragm pump (Thomas Indus t r i e s , Shehoygan ,

WI , Model 1O7CAO5O) is used to draw the air through the con—

t a c t o r .  A liquid t rap in the air  stream fo l lowing  the  phase

separator prevents carryover of liqu id drople ts  into the

FR-27 11-lOl 
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regula tor . The l a t t e r  is designed to control  the pressure at

the inlet of the air pump . Adjus tment  of the needle—valve

sets the f low at the desired constant  r a t e .

• Mixing Units and Motors

The designs of mixers  1 and 2 are shown in Figures 4 and 5,

respectively. Mixer 1 is a small—volume device with minimum

dead space which rapidly mixes the contactor effluent with

TNTase solution prior to entering the delay element. The

cy l inder cav i ty  in th is  mixer is f i t t e d  wi th  a ro t a t i ng  sta in—

less—steel bar , the surface of which is cut with a right—handed

groove of rec tangular  cross sec t ion. The cavity itself is cut

w i t h  a l e f t—handed  groove . It  was expected that this comb ina—

t ion of grooves would min imize  pumping e f f e c t  by the wiper . It

developed , however , wi th  our present system which lacks posi-

t ive pump ing at the out le t  of the photospi ra l , tha t  this mixer

nevertheless exerted an undesirable  pump ing act ion of i ts own ,

crea t ing  erratic f low . Therefore , for  subsequent experiments ,

the motor of this mixer was turned o f f  and d i f f u s i o n  alone in

the mixer and delay line relied upon for  mixing , the same as

described below for  mixer 2.

Mixer 2 introduces the “react ion mix ” f rom the delay element to

the center of the photospiral by way of a hollow needle . The

luciferase/tetradecanal mixture flows along the outside of the

needle to meet the reaction mix in the pho tosp i ra l .  A motor

rotates the needle , which is shaped at its outer end to cause

mixing of the two streams . As discussed later , this  mixing

action turned out to present a problem , in that  ag i ta t ion  of

the luciferase/tetradecanal , even In the absence of any NADH ,

generated light to produce a large signal. Subsequent experi—

tnents therefore were done with the motor of mixer 2 turned

off , and diffusion alone allowed to effect the mixing .

FR—27 11—lOl —10—
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The motors  fo r  both mixers  were of m i n i a t u r e  dc type , about 1—

1/4 inch long , manufactured by Portescat (Switzerland). There

was no apparent interference by these motors (due to electro-

static or magn etic fields) with the phot omulLi plie r s igna L

• t i t e  R
~~

U-t lini C(
~
l o t J L ~

raI )

As descr Ibed in the Teem leal Report of SJJ inUa y ,  1978 , the

c hemilum 11)1’sc enc e react  ion c c l i  is a 
~I’ 

ira I of cap illary

tubing, about 17 cm long and 1 mm In 11). I t  is moun ted to 11 t

I ight—t ight against the PHI housing. However , 1 Igli t ~~‘t i i d

enter the end s of the sp i r a l  I f  t h i s  were not prevented . The

s ide of t h e  sp i ra l  fac ing  away from the PHI is a I u m i n  I zed

increase the e f f i c i e n c y of l i ght col lec t ion .

• Pbot n~~~~~11 er and El cc tron ics

t I The PMT Is  a Cen t ron i c , Type 4283 ,  of broad spect  r a l  sens f

tivity and very low dark current. Typ ical sens itiv Ity Is 200

amperes/ lumen , w i t h  a da rk  c u r ren t  of 1 nanoamp er e, and a

d a r k  c u r r e n t — e q u i v a l e n t  I Iglil flux of S x 1o L 
lumen .  The

4
photon rate at this dark current level Is - * .  I x 10 phot oi is/ s ,

assuming a mean wave length of 5550 angst r oms .  This d e r i v e s

f r om the r e l a t i ons

1 lumen (5550 angst roins) 0.00 I .~8 w a t t

1 wat t  ~ 1 x l O~ erg/s

— v (3 x 10 cm / s ) / ( 5 . 5 5  x 10 ’ cm)  s

and t ile l’lanck equa t ion

E — ic

where E is the energy of a s i n g le  photon , and It I s  P h  an ek ‘s

cons tan t , equal  to 3 .32 x io 27 erg s.

FR — 2 7 1 1— l O l  — l  1— 
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From these re la t ions  we have fo r  the  proton rate

-1’  -3 7
R x ~~~~~~~~~~~~~~~~ 1. 48 x 10 x l()
p 3.32 x 10 27 x (3 x 1010 / 5 . 5 5  x l 0~~ )

1 or
4R = 4.13 x 10 photons/s

-
p

App lied dynode vol tage in our experiments was 1000 to 1200

v o l t s , supp lied by a regu la ted  hi gh—vol t age  dc power supp l y .

The amp l i f i e r  was a Boonton Model 95A Sens i t  lye ~)C !Ieter ;  t h e

r e c or d er  a Beckman 10—inch u n i t .

3.3 E xp e r i m e n t al _ T~e s u lt s

The major  e f f o r t  in t h i s  c o n t r act  p er i od  was d e v o t e d  t o  desi gn ing ,  pro-

cur ing,  assembl ing ,  and p r e— l e s t  ing Ihe s y s t e m  elements  descr ibed  above .

j Onl y a l i m i t e d  t ime t h e r e f o r e  remained for test ing the o p e r a t i o n  of the

system . Nevertheless , we were ab le  to  make a prel imiriary systematic

I analysi s of most aspects of the system ’s performance.

J 

The p h otomu I t  ip tier dark current throug hout our  e x p e rim e n t  s proved to he

neg i I~’ ihi e compared with all other  s ignal  levels  to  he measured , inc l ud lug

I

t he I t  c I f  erase / t c t radecana I glow leve l . Thc I ; t t t  e r was about  6 x 1

amperes us lug the  luc i f t - r a s t  and t -tradecan.t l flow r a t  c~. shown In Figure 1 -

In our ear [l e s t  exper  iment s on the s s  t em , a spu r b u s  and much i i i  g lh’r

- 1 glow level was observed . Onl y l a t  ‘r was i t  found that this was caused

by the ag i t a t i o n  of the luc i f er s e/  t et r a d e c a n a  I by the rotat lug needle of

I mix er 2. This spurious level , about  2 x I amperes , was L t r ~~c e no u g h

to obscure the effect of any subsequentl y added NAI)11.

With the motor of mixer 2 turned off , and wi t hu ~4ADhl,’buffer mixtur e added

I ~ t the rate and concentration shown In  F I g u re  1 , t he  s i g n a l l e v e l  was

a bout 4 r imes the glow level . (Nnt e that In t h Is ex in -  r [men t , t he NAI)h1

was pum~cd directly into mixer 1, thus bypass lug the ct~nt ie t or and p h a s e

I separator). This ratio of NAI)I1 signa l to glow level si gnal , I n t h e

I F R — 2 7 1 1— l 0 l  —14- . 
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absenc e of lN ’h~t se or TNTast’/TNT “react ion mix ,” was abn orma l l  v low in

comparison w i t h  tha t  seen in the bench top method , by a factor of about
I • 4. To determine the reason for  this , NAI~E1 t aken  d i r e c t  I v  f rom t lie

reserve ir was tested for activity in the convent  lona l h e n c h — t  op p rocedure ,

I - and the response compared with t h a t  obt ained u s i n g  NADH w h I c h  had passed

through the per 1st a U ic pump . Tb is m d  Ic ated c lear I y that about t 0. 7 ~t t

the NAD H ac t  ivit y was being lost in passing t h rough  t h e  pump,  p r e sum abi  v

due to some effec t of the silicone rubber tubing in the pump .

In the brief t ime remaining before t lie study had to be conc l uded , an

attempt was made to measure the contactor column e l f  ic i en c v .  The tech-

n ique  used was the same as tha t  descr ibed in the Jan uar y , 1978 , r epo r t ,

- employing the bench—top Instrument. Alt houg lu a reasonable baseline

value was obtained , i - • , in respect  t o s ignal  l eve l  seen on m t  roduc i ng

- 
the NADH/TNTase reaction mix In the absence of TNT to the tuciferase

mix , no consistent signal change was observed when TN I’ ( d i lu t e d  f r o m  a

solution of known concentration) was In c l u d e d  In  the react ion m ix. Such

behav [or has not been unusual; however , there was no furt her t ime in the

present instance to inves t igate  t h i s  e f f e c t  f u r t h e r .

4 .0 APPROACHES TO SYSTEM DESI GN: CON F 1NUOIJS VS 1)1 SCRETE I NTER—
MITTENT) ANALYSES 

-

I 
Most of the work described in the present  repor t  was predic ated on the

need to develop a c o n t i n u o u s  d e te c t i o n  s stem . In any automa t Ic wet

chemical analyzer involving, for examp le , samp l I n g ,  reagent  add i t  i t ’ ,

mixing, and sensing , there is the opt ion In prIn t’ [p l of develop lu g

I instead an intermittent ( I . e  • , dl st-re t c) anal vz’-r . I n  th u Is -a~n- the

I .  automated system is e ssen t ia l ly a rob ot  m i m l c k  lu g  t hue st t ’ps ~ f a l abora-

tory procedure in the hand s of a l ive a n a ly s t  . Sainp l e , rea gent  s , and

diluents can be metered into a react ion vess.- I ~~ not t ’r—d r i v . -uu  svr  Inge s

v a l ve s  can he ac tua ted  by solenoids , and li e reat - t Ion ~‘~ -~;s~ - I i i i  f er —

I mitten tly emptied by a pro—programm ed scquen. - e r  • for exampl .- a con ip tut  ~- u —

based c o n t r o l l e r .  However • exper I cue e In commere I a 1 Inst rumen I t t  I cii h a

I 
repeated l y seen i n t e r m i t t e n t  ~ et chemica l  svs f  ems d i s - a r d o d  In  t av er  of

_ 
_ _  _ _ _ _  -~~~~~
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continuous systems. The basic reason is that intermittent systems

require many moving parts , often in contact with solutions, and that

these are trouble—prone . Continuous systems generally contain far fewer

parts and are more reliable. Sensitivity, response time, and repeata-

bility will be at least as good in continuous systems, and possibly

better , and standardization is no less convenient .

If one analyzes the bench—top procedure on which the present enzymatic

detection scheme is based , it is evident that a corresponding robot

analyzer would be mechanically very complex. At least five intermittent

metering devices, each with a separate driver , would be required . The

system would need mixers, especially since diffusion—mixing is probably

not practical in a discontinuous system , and would require  a react ion—

vessel empty ing mechanism . Numerous electromagnetically actuated valves

would be needed , posing a significant maintenance problem , particularly

where biochemically active solutions are involved . The programming

system would in itself be quite complex. In a word , all considerations

weigh heavily in favor of the continuous system approach adopted in the

present study.

- 
5.0 CONCLUSIONS

~ Significant progress was made during the study. An extensive study of

contactors led to a design that appeared reasonable in view of the pub-

lished literature and experience of other investigators. A practical

arrangement was devised for introducing controlled concen t ra t ions  of TNT

vapor . The problem of fluid flow control appeared to be solved for

present purposes by the use of peristaltic and motor—driven syringe

pumps. A convenient and simple solution was found for the problem of

exclud ing stray light from the chemiluminescence reaction cell . We

identified as a significant problem the generation of light by agitation

of the luciferase—tetradecanal mix , pointing to the probable need for

diffusion—type mixing to produce the chemiluminescence reaction .
~1

1.
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- Various problems remain to be solved , and various improvements made. The

effect of NADH oxidase in the TNTase reagent continues to be the most

serious single limitation on ultimate sensitivity of the system.~~,~ iother

problem is that it has not yet appeared feasible, in a simple design , to

contact the air sample at the required volume rate (several liters to

tens of liters per minute) with a smaller liquid stream than about 1 ml

per minute. -Basically, this may result in a loss of up to 50—fold

sensitivity as compared with the bench—top method .

Several problems of instrument design remain :

The photospiral as presently dimensioned was not intended as a

- 

l diffusion—mixing chamber . For such use, the t ransi t  time (now

about 5 seconds) is probably too short by a factor of 5 to 10 to

permit complete diffusion mixing.

The system should be redesigned to provide pumped flow, rather than

gravity flow, from the phase separator through the reaction path

and photospiral.

We have mentioned the problem of an apparent destructive effect by

the peristaltic pump tubing on the NADH activity. This may perhaps

be eliminated by using a different tubing composition , or by using

a pump of other than peristaltic type.

It would be very desirable to reduce substantially the washout time

of the contactor to , say , 30 seconds, but this would no doubt be

difficult.

We note that  the e f f i c iency  of the present contactor design for TNT

trace vapor collection has yet to be determined , although similar

designs (with different vapors) have shown reasonable efficiency in

the hands of other investigators.

FR—27 11—l Ol —17—
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In weighing the desirability of con t inuing development of the present

enzymat ic  method , several f ac to r s  need to be considered . The NADH—

oxidase problem seriously limits the available sensitivity and practi—

— cality of the method . Optimisticall y, the present limiting detectability

• is of the order of io—14 mol TNT vapor . El iminat ion of the oxidase

e f f e c t could improve the sens i t iv i ty  by perhaps an order of magn i tude .

In view of the investigations to date , however , the likelihood of elim-

inating the oxidase effect , even w i t h  a concerted and costly effort , is

problematical. Aside from this , a major effort would be required to

improve contactor performance , which in effect now depresses the sensi-

tivity about 50—fold compared with the bench—top procedure. It would be

desirable to collect the TNT vapor contained in a 1—minute san~ ling of

air in about 20 p1 of contactor liquid instead of 1 ml .  This will be

difficult , and may not be achievable in a practical device for the

Intended purpose. The remaining system design problems are considered

to be secondary; although not trivial , they will probably yield to a

reasonable engineering effort.

In sum , a decision concerning f u r t h e r  pursu i t  of the enzymat ic  anal yzer

effort must weigh the cost , the probability of success, and the large

development e f f o r t  s t i l l  required , against the continuing urgent need

fo r  an e f f e c t i v e  exp losives vapor de tec tor .
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