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PREFACE

The e xp e rim en tal and d e v e l o pment work  d escr ib e d i n
this report was authorized under Contract No. DAAA l 5 - 76- C-Oll ~en titled “Enzyme Alarm Instrumentation Studies ” . It was
performed by the Leeds & Northrup Company for the U. S. Army
Edgewood Arsenal

T his report documents the part of the work performed
during the period May through August , 1 976. The work is
continuing toward the objective of three operating prototype
instruments embodying the results of the development.

Reproduction of this document in whole or in part is
prohibited except with permission of the Commander , Ed g ewoo d
A r sena l , A ttn: SAREA - TS -R , A ber d een Prov i ng Ground , Maryland
21010; however , DDC an d National Technical Infor m ation Service
a re au th or i ze d to re p ro d uce t he d ocument  for Un i te d S ta t e s
Government purposes.

Th e use of t ra d e names i n t h i s re port d oes not
co n s tit ute an of fi c i al en d orsemen t or a pp r ova l  of such
commerc i al har dware  or sof tware . Th i s re por t may not b e c it e d
for purposes of advertisement.
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ENZYME ALARM INSTRUMENTATION STUDIES

1 . BACKGROUND AND INTRODUCTION

For the past several years Edgewood Arsenal has been
conducting studies or an e l ectrochemica l enzyme alarm system
for the detection of chemical agents. Thi s alarm monitors the
extent of the enzyme-catalyzed hydrolysis of butyry l thiocho l ine
iodide. In A pril 1975 , Leeds & Northrup Company was awarded
Contract DAAA 15-75 -C -01 34 to study means for suppressing alarm
interferences with improved-time-response characteristics.

The present contract , for which this report is made ,
was awarded to Leeds & Northrup Company on May 13 , 1976 to
provide alarm instruments for limited field testing based on
the improvements made under the aforementioned contract. The
specific goals of this project are:

(a) Optimize hardware and c i r c u i t  design of the enzyme
a l a r m , wi t h i n  the time constraints imposed by
goa l  ( c ) .

(b) 1abri cat ’~ an d assem b le three enzyme alarm i ns t ru-
ments for limited field testing by Edgewood Arsenal.

(c) Deliver the three instruments to Edgewood Arsenal
by No vember 1 , 1976.

Project Plan

This project lo g i c a l l y  divides into three p hases —

O p t i m i z a t i o n  a r i d Design , Fabrica tion and Assembly, an d Tes t an d
E v a l u a t i o n .

1 . 1 . 1  O p t i m i z a t i o n  and Desi gn

This phase basically comprised hardware desi gn using
a combi nation of some appr oaches which had been suggested and
verified by Edgewood Arsenal and the improvements resulting
from Contract DAAA 15-75-C- 01 34. Optimization for the purposes
of this contract consisted of defining the specific overall and
com ponent desi gns which were most suitable for fabricatio n ,
assembly, and testing w i t h i n  the contractual time constrai n ts,
and which could be produced with reasonable ease for a d d i t i o n a l
instr w i ’nts. M inimum-cost p arts fabrication with m a n u f a c t u r i n g
tooling was, however , not an important criterion for th e de si gns.
The ~ijor .irt of the design either made direct use o~ ap~ ro aches
whic h  ha~ been verifi e d  by Edgewood Arsenal in h and-made models ,
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or a d a p t e d  such  c o n c e p t s  w i t h  m i n i m a l  m o d i f i c a t i o n s  f o r  e a s e
in f a b r i c a t i o n .  S i n c e  t e s t i n g  t i m e  is  s e v e r e l y  l i m i t e d  under
the contractual time constraints , further o p t i m i z a t i o n  o f the
Edgewood Arsenal concepts was not to be attempted.

T h o s e  p a r t s  of  the a l a r m s  b a s e d  on t e e  Leeds  ~No r thrup improvements were desi gned using the d.a a a v a i l a b l e
in the final report on Contract CAAA l5 -75 -- C- 01 34. These
latter designs were limited to the electroche m ical cell and
pa~ ts of t h e  associated electronic circuitry.

1 .1 . 2  Fabrication and Assembly

Th is phase consisted entirely of Model Shop fabrica-
tion of al a rm parts , expediting anc~ procurement of ourchased
components , an d assembly of parts and components into f i n i s h e d
alo r ~’s b y enginee r s and technicians. This phase consti t u ’es
by f~ r the greatest e xe enditure of manpower on the project,
and is th e m u st c r i t i c a l  from the standpoint of n e etir .g the
sc~ edul e re qu i reme r  ts

1.1.3 Test and E v a l u a t i o n

This phase is d i v i ded into tw o parts -- tests of t h e
fi r st mc d e~ e l e ctroche m ical cell of the n e w  design , an d o~ er a 1~
tests o~ the assem b i ed en zym e al ar i - .s . The ~ir - t  tests of t h e
new d tio n cell were n ecessar y to con~~ir ~

, its satisf a ctor y
operation as basis for proceedinq w i th construction of the
a ’u m s . These te st s were accomplished during ‘\ugust , and u~~e
described in sect ion 2 of this report. U~ er a l l tes ts o~ the
a s sembled a 1 ar ~’s w i1~ be co ’d u cted during the l a t t e r  part c~Si ‘.te~ her prior to sn ip i ent. These w i l l  i n c l u d e  both ri rfo ro anc e 7
a~~d env i ronme n i :1 tes ’i n g, and the results w i l l  be i n c i u d e d  in
the ProjeC t Fi n al Report.

Evalu a t i o n  w i l l  i n c l u d e  consideration of the a l a rr
desi r~n as well as its performance. Final recommendations w i l l
be based in part on the evaluation.

1.2 Problems

All of the electrochemical proble i n associate d w i t h
th e design of these enzy :l e alarms were d e a l t  w i t h  success fully
under the previous study contract DAAA 1 5 -7 5— C -0l 3 0 . The
problems encount er ed in the present wnr~ were rel a t e d  to adap ~ a-
t i on of the Edgewood Arsenal concepts to desi gns for p r a c t i c a l
fabrication , d e t a i l e d  d e si gn of new p o r t s  not included in ~he
Edgewood Arsnal conce pts . ond pr o cur r en t o~ commercial coripo-
nents on the schedule req ui red to me et he deli ver y coninl i m i n t
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~~~~~~~~ I
The successful completion of the Optimization and

Design Phase , and the near completion of the Fabrication and
A s s e ~ib ly  P h a s e  a t t e s t s  to the s u c c e s s  of a d a p t i n g  the Edgewood
A r s e n a l  c o n c e p t s  and  the  d e s i g n  of  the new parts. The only
design uncertainty remaining is the a d e q u a c y  of the new t h e r m a l
i n s u l a t i o n  system used for the case. Edgewood Arsenal person-
nel approved the proposed new i n s u l a t i o n  system , which consists
of an outer and an inner aluminum shell with the interspace
com p le tel y filled with poured foaming-plastic insulation.
Edgewood Arsenal ’ s previous experience with some simil a r  insu-
lating systems gave reason to believe that this execution
would prove adequate. However , tests of its adequcy must await
the first completely assembled instrument , which w i l l  be
s u b j e c t e d  to the  des i  red t e m p e r a t u r e  range  of _ 4 0  to 12 0 ° F .
In the u n l i k e l y  event that the insulation proves inadequate , it
nay be necessary temporarily to restrict the low ambient-tern-
perature l i m i t  range for operation of the three prototypes
un t i l  the i n s u l a t i o n  can be improved or the case heating
increased after the first limited field test. It is understood
that the first field testing w i l l  not include extreme ambi ent
conditions , so the ambient range li m i t a t i o n , if required ,
wo u ld not preclude Obtaining the desired -field-test results.

Procurement of commercial components on the required
time schedule has proved to be quite d i f f i c u l t .  Edgewo od
Arsenal has alle v i a t e d  th e problem to a considerable extent by
furnishing som e componen ts which could not be purchased quick-
ly. However , substantial expediting effort on the part of
L e e d s  N o r t h r u p  C o m p a n y  has been r e q u i r e d  to obtain th ose
components which were not a v a i l a b l e  from Ed gewood Arsenal.
This effort has been successful , and instrument assembl y is
p r u ceeding on schedule with no del ay s expected from commercial
c i p o n e n t  shortages.

1.3 Project Status

Pease One , Optimization and Desi gn , was comp leted
d u r i n j  A u q i s t .  Phase Two , Fabrication and Assembly, w a s
started about m idway through the Optimization and Design Phase.
F a b r i c a t i o n  is c o m p l e t e , and a s s e m b l y ,  now in p r o g r e s s , w i l l
b r- - co mpl e t i c i in S ip ter ber . The Test Eva l u a t i o n  Phase w i l l
o c c u p y  t h e  r e m a i n d e r  of Sep tember  and  O c t o b e r , up to  t h e
s f I pi e r  t d i  .

It is  no t  p l a n n - l  t h a t  t e e  F i n a l  R e p o r t  hr c n i p l e ~~ed
b1 th e  s h i p m e n r  da ’ e . R i t h e r ,  it  w i l l  be p r e p a r e d  f o l 1 o ~% i n g
he 1 imi ted iel d tests b, Ed gi woo d Arsena l , an i sub in i tted at
~he end o~ d i ~~u o r - , ~~~~

— - . -  

~ 
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2. EXPERIMENTAL RESULTS

When the parts for one electroche m ical cell were
a v a i l a b l e , they were assembled ari d i n i t i a l  performance testing
was begun. The san i ple gas heater a n d  c o n t r o l l i n i  thermistor
were not included in the cell assembl y, necessitating the
closure of these lead-in ports . I n i t i a l l y  the holes were
closed with plastic tape placed on the outer surface of the
c e l l .  This proved insufficient to prevent s i g n i f i c a n t  leak-
age , so the holes were plugged with s i l i c o n e  rubber sealant.
Leakage was no longer evident.

The cell , pumps , flow rn eters , electronics , etc. were
assembled as shown schematically in figure 1 . Room air was
passed through the cell at 2 .0 1 /m m . and O .1M tri s buffer
wit e 0.125 mN b u t y r i t h i o c h o l i n e  iodide was pumped into the
reagent inlet port. The anode was operated at a c ontrolled
no tential 0.5 volts positive of tee silver wire (Ag/AgI)
reference electrode . The output si gnal i n d i c a t i n g  the current
flow at the anode was displayed on a st r ip chart recorde r’ .

A plain polyurethane foam pad was in s e r t e d  in the
c e l l  and the s y s t e m  a c t i v a t e d .  I n i t i a l l y  an e x t r e m e l y  hi gh
and erratic current was observed . it was observed that the
c u r r e n t  f l u c t u a t i o n s  c o r r e s p o n d e d  to l a r g e  p u l s a t i o n s  in the
i n l e t  gas flow rate. Every 4-7 seconds the gas flow woul d
d e c r e a s e  m a r k e d l y ,  m o m e n t a r i l y  s t o p p i n g  a l t o g e t h e r .  Upon
inspection of the cell flow passages , it was discovered that
s i l i c o n e  rubber sealant had intruded into the in l e t  port w hen - -

a s s e m b l e d . F i gu re  2a s h o w s  t he  i n i t i a l  des i gn and  a s s e m b l y
method o f this portion of the cell , wherein s i l i c o n e  rubber j
s e alant was coated on the interfacing surfaces of the cell
parts before assembly, the p a r t s  then b e i n g  m a t e d , h e l d  w i t h
screws and the rubber cured . Si g n i f i c a n t  sealant entered the
por t , restricting fluid flow such that slugs of reagent solu-
ti on w o u l d momenta r i ly b l oc k gas passage during operation.

A collar was added to the cell design as shown in
figure 2b , effectively preventing intrusion of the sealant
during assembl y and curing. Neithe r obstruction of the
passag e s nor flow i r r e g u l a r i t i e s  have been observed with the
modified cell design.

T h e  m o d i f i e d  cell , when i n i t i a l l y operated with a
b la n~ foa~ pad , exhibited a current of  100-150 amps , un ex-
pectedly hi gh compared to the 1.0 -1.5 amps obs erved with
earlier prototypes operated in the s a e  manner. S can ning the
anode vs. silver wire reference p o t e n t i a l  w h i l e  m o n i t o r i n g
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the current showed a typical current-voltage curve. However ,
there was an apparent displacement of the curve by +0.2 volts ,
indicating that the silver wire reference was not at the
proper potential . This was confirmed by measuring the silve r
wire potential versus a standard calomel electrode with a pH
meter. Whereas the silver wire in this system should be 0.15
volt negative of the ca l omel reference electrode , it was in
f a c t  0 .05  v o l t s  more  positive.

A n e w  supply of silver wire (99.97) was obtained , the
wire abra i ded is previously, washe d , an d assembled into a cell.
U n l i k e  the ear li er case , the silver was then anodized briefly
in s i t u  using t e e in ternal cathode of the cell as the counter
ele ctrode. T~ :e po t ential of the new silver reference
measured - 0 .lt ~o l t s v e r s u s  c a l o m e l  and t he sh i f t o b s e r v e d in
tee scan wa s , ot cU rse , corrected. The high current observed
previousl y wit h a blank pad was attributable to iodide
oxidation caused b , the malfunctioning reference electrode.

~hen activated , th e c ell w it h it s new re f e rence  w i r e
behaved as expected. The current with a blank pad was
i n i t i a l l y  1 .5 ~.ampere s , decaying to 0.9 i~amperes in the first
25 minutes of operation , and to 0.6 pamperes after 16 hours.
With a starch entrapped enzyme pad , the current was i n i t i a l l y
20 p amperes after 8 hours. This performance is typical of
th ot previously observed with earlier prototype cells and
starch-entrapped enzyme pads.

Having verified satisfactory performance of the cell
with both active enzyme and blank pads , the latter simul a t i n g
the l i m i t i n g  case of deactivation with anticho l inesterase
agent , further manuf acture of additional cells and alarm
com ponents was continued according to schedule. No experimental
evidence indicates problems which would jeopardize the achieve-
ment of the contract objective on time. 

-- - . -



3. FURTHER _ WORK

The add it i onal work to be com p le ted un d er t h is
con tract i nclu d es the followin g :

( a )  F i n a l  a s s e m b l y  of th ree  enzym e a l a r m  i n s t r u m e n t s .
(b) Laboratory testing of the assembled alarm s.

(c) Such mo difications as may be indicated necessary
by the testing.

(d) Shipmen t of three enzyme alarms to Edgewood Arsenal
for l i mi te d f i e l d t e s t i ng.

(e) An y modifications agreed upon as a result of the
limited field tests.

( F )  P r e p a r a t i o n , s u b m i s s i o n  for  a p p r o v a l , and p u b l i c a -
tion of the Project Fina l Report.

I
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