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PREFACE 

The work described in this report was authorized under Product 
Improvement Program Number DA-1-81-08-3021.    This work was  started  in May 
1981 and completed in June 1984. 

The use of trade names or manufacturers' names in this report 
does not constitute an official endorsement of any commercial products. 
This report may not be cited for purposes of advertisement. 

Reproduction of this document in whole or in part is prohibited 
except with permission of the Commander, U.S. Army Chemical   Research, 
Development and Engineering  Center, ATTN:  SMCCR-SPS-T, Aberdeen  Proving 
Ground, Maryland    21010-5423.    However, the Defense Technical   Information 
Center is authorized to reproduce the document for U.S.  Government purposes 

This report has not been approved for release to the public. 
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m PRODUCT  IMPROVEMENT PROGRAM TO INCREASE THE NERVE AGENT SENSITIVITY 
OF THE M256 CHEMICAL  AGENT DETECTOR KIT 

1. INTRODUCTION 

In  1973, the Department of the Army established the requirement 
for the M256 Chemical  Agent Detector Kit [Material  Need (Engineering 
Development)  tor a Chemical  Agent Detector Klt].l    The M256 kit was adopted 
into the U.S.  Army inventory in 1977 and was approved for full  release to 
the field in 1978.    The kit contains  12 sampler-detectors used to detect 
and classify chemical  agents that are present in the air.    Each sampler- 
detector responds to the following agent concentration levels: 

Agent Detectable Concentration 
(mg/cu m) 

Nerve  - GB 
VX 

Mustard 
Phosgene oxime 
Hydrogen cyanid 
Cyanogen chloride 
Lewisite 

0.05 
0.10 
2.5 
5.0 
9.0 

10.0 
12.0 

These detection levels were established to allow the soldier to safely unmask 
after a chemical attack. New requirements, however, have been established 
to detect nerve agents at the levels where miosis, the first sign of nerve 
agent poisoning, occurs. These levels are between 0.005 mg/cu m and 0.001 
mg/cu m for both GB and VX. 

The current M256 kit uses horse serum cholinesterase (horse 
enzyme) for the nerve agnet test. Due to limitations in sensitivity of the 
horse enzymes, the M256 kit cannot detect the new lower levels required. A 
recent study showed that electric eel acetylcholinesterase (eel enzyme) is 
10 times as sensitive to both GB and VX as the horse enzyme.2 This work 
proved that the increased sensitivity levels could be met with the eel 
enzyme. This product improvement program (PIP) was established to prove 
that this capability could be added to the M256 kit and meet all the 
requirements of the kit. 

2. NERVE AGENT  DETECTION USING THE M256  KIT 

The portion of the M256 sampler-detector used for nerve agent 
detection consists of a filter paper disc  impregnated with horse enzyme 
(enzyme disc)  and two glass ampoules, one containing a buffer solution 
(buffer solution ampoule) and the other containing a solution of 2, 6 
dichloroindophenylacetate in ligroin  (substrate solution ampoule)   (See 
Table A-l),    To conduct the test, the ampoule of buffer solution is broken 
to wet the enzyme disc.    The sampler-detector is then exposed to the 
atmosphere.    After 10   minutes, the ampoule of substrate solution is broken 
and added.     If nerve agent is present,  the enzyme is  inhibited so no reaction 
occurs, and  the enzyme disc will   remain white  (or peach color due to  the 

NCV 
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natural color of the substrate solution). If no agent is present, the 
enzyme promotes the hydrolysis of the substrate, and the enzyme disc turns 
blue. 

The improved M256 sampler-detector {M256E1) is operated in the 
same manner as the M255 kit. The only difference is that the enzyme disc 
is an ion exchange paper impregnated with an eel enzyme solution and the 
ampoule of substrate solution contains indoxyl acetate, which is a clear 
solution (see Table A-l). Except that the lower levels of agent can be 
detected with the improved enzyme disc, it responds in the same way as the 
original. No color indicates agent is present, and a blue-green color 
indicates that no agent is present. 

3. TEST PROGRAM 

3.1     Purpose. 

The purpose of this test was to: 

t Prove that the M256E1 will provide the increased sensitivity 
to nerve agent needor! in the M?55 kit. 

• Ensure that the M256E1 meets all the requirements of the 
Material Need (Engineering Development) for the M256 kit. 

• Determine if there is a difference in performance of the 
nerve test due to either the source of eel enzyme or the manufacturer of 
the sampler-detector. 

3.2 Test Plan 

The M256E1  sampler-detectors were subjected to: 

• Accelerated Aging Test to verify that the kit has a 5-year 
shelf life and to determine how to simulate the shelf life using an 
accelerated storage test. 

t    Sensitivity Test to verify that the enzyme disc will  respond 
properly to 0.005 mg/cu m of GB and VX when tested    in each climate type 
1isted in Table A-2. 

• Blank Response Test to verify that the enzyme disc will 
respond properly when functioned in the absence of agent in each climate 
type listed in Table A-2. 

• Cyclic  Storage Test to verify that the enzyme disc will 
respond properly when  functioned in the absence of agent at 33 0F after 
being subjected to the cyclic storage tests shown  in Table A-3. 

t    Interference Test to determine if the enzyme disc will 
respond properly when  functioned  in the absence of agent,  but in the presence 
of the field interferences listed  in Table A-4. 

&&&^&^^ am&m^ 
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3.3 Test Criteria. 

3.3.1 Eel   Enzyme Content. 

The amount of eel 
enzyme is present,  insuffici 
and create a  false positive 
will  not be enough agent at 
all  the enzyme, and color wi 
Since the eel  enzyme degrade 
enzyme disc to give a false 
give a false positive test, 
fresh sampler-detectors  (max 
interference tests were cond 
enzyme concentration).    The 
results of the accelerated s 

3.3.2        Reliability. 

enzyme on the disc  is critical.    If too little 
ent color will  develop in the absence of agent 
test.    If too much enzyme is present, there 
the concentration levels of interest to inhibit 
11  appear, producing a  false negative test, 
s with time, it is more likely for a fresh 
negative response and an aged enzyme disc to 
Therefore, agent tests were conducted with 

imum enzyme concentration), and blank and 
ucted with aged sampler-detectors (minimum 
sampler-detectors were aged according to the 
torage tests to simulate a 5-year shelf life. 

The M256E1 kit must demonstrate a reliability of 92.5% with 90% 
confidence levels  for each test.    Each sampler-detector was operated 
according to the procedures described in the Operator's Manual^ except that 
only the nerve test was functioned.    In addition, the color development 
time (response time) was increased from 2 to 3 minutes for temperatures 
above 50 0F (10 0C), due to the inherently slower rate of chemical  reaction 
of the revised reagents on the improved disc.    The reliability requirement 
was met when the number of failures observed during a test was less than or 
equal  to the "Accept" criteria listed for the corresponding sample size, as 
shown in Table A-5.^ 

3.4 

tests 

Schedule. 

The test program was conducted in three separate verification 

• PIP Verification Test  I was conducted  from March to 
December 1982. 

• PIP Verification Test  II was divided into two phases; Phase 
I took place from March to May 1083 and Phase  II from October to December 1983, 

• PIP Verification Test III was performed from April  to June 1984, 

3.5              PIP Verification Test  I  (PVT I). 

3.5.1 Selection of Manufacturers. 

The two contractors who were producing  the M256 kit, Chemical 
Compounding Corporation    (CCC)  and Bendix  Corporation, were selected to 
produce the M256E1  sampler-detectors.    Since each manufacturer was  required  to 
use eel   enzyme  from two suppliers  (Sigma  Chemical   Company aand Worthington 
Biochemical   Company),  four types of sampler-detectors were tested: 
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eel  enzyme 

3.5.2 

• Bendix/Sigma - Bendix-manufactured using Sigma eel  enzyme 

• Bendix/Worthington - Bendix-manufactured using Worthington 

0    CCC/Sigma -  CCC-manufactured using Sigma eel  enzyme 

• CCC/Worthington - CCC-manufactured using Worthington eel enzyme. 

In addition, the sampler-detectors manufactured for this test 

:ion. 
the 

the 

Results of PVT I. 

3.5.2.1 Accelerated Aging Test. 

The results of the accelerated aging tests showed that the enzyme 
disc from each type of sampler-detector has a shelf life of at least 5 
years.^    To simulate a 5-year shelf life, it was necessary to age the Bendix 
sampler-detectors for 24 hours at 194 0F (90 0C) and to age the CCC sampler- 
detectors for 35 minutes at 90 0C.*    The results of the enzyme assay (Table 
A-6) showed that the fresh Bendix enzyme di? s contained 1.3 units of 
enzyme, and aged discs contained 0.8 to 0.9 units of enzyme.    The fresh CCC 
enzyme discs contained 1.1 to 1.8 units of enzyme, and the aged discs 
contained 1.0 to 1.1 units of enzyme. 

3.5.2.2 Agent Sensitivity Tests. 

The results of the GB and VX tests conducted with the fresh 
sampler-detectors are shown in Tables A-7 and A-8, respectively.    In both 
sets of tests, the agent concentration level was approximately 0.005 
mg/cu m.    Only a few isolated false-negative responses occurred.    None of 
the incorrect responses could be attributed to the simulated climatic 
conditions in which the sampler-detectors were exposed and operated. 
Despite the few incorrect responses, each type met the accept criteria of 
Table A-5 for all climatic conditions and, therefore, exhibited a reliability 
at or above the required 92.5%. 

3.5.2.3 Blank Response Tests. 

The results of tests conducted on the aged sampler-detectors in 
the absence of agent are shown  in Table A-9.    Except for those exposed and 
operated at +33 0F (0.6 0C), the sampler-detectors met the reliability 
requirements for each climate type.    The time for color development was in 

* These aging conditions were based on preliminery results.    By the time PVT 
I was completed, the accelerated aging test was concluded.    The results 
showed that it was necessary to age all  types of sampler-detectors for 24 
fours at 90 0C to  simulate a  5-year shelf line. 
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excess of the 5 minutes allowed by the operating instructions  for each of 
the  four types of M256E1 sampler-detectors.    Those sampler-detectors that 
were exposed at +33 "F (0.6 0C), but warmed to 50 "F while waiting  for 
color development, gave the proper negative responses.    Since operating 
procedures direct the user to warm the sampler-detector before the substrate 
solution ampoule is broken when used at temperatures below +32 0F (0 0C), 
the false-positive problems that occurred at the aqueous limit (33 0F) did 
not occur during the  Basic Cold Test (-33 0F). 

3.5.2.4 Cyclic Storage Tests. 

Following the 9-week storage period (Table A-3), the test items 
were functioned as blanks.    Half of the sampler-detectors were operated 
at 33 0F and the remaining half at ambient (70 0F)  temperatures (Table A- 
10).    The items that were functioned at + 33 0F (0.6 0C)  produced false-positive 
responses.    Those functioned at ambient temperature performed satisfactorily 
except for the CCC/Sigma sampler-detectors.    There is no apparent explanation 
for the poor performance of these items after cyclic storage. 

The wetting solution ampoules of several   sampler-detectors were 
found cracked after hot-cold cyclic storage.    Due to the loss of the wetting 
solution, those sampler-detectors were unsuitable for use.    Cracked ampoules 
of wetting solution were also found during sensitivity and blank tests when 
sampler-detectors were conditioned at -33 0F (-25  0C)  pricr to functioning. 

3.5.2.5 Interference Tests. 

The results of the blank tests conducted on the aged sampler- 
detectors in the presence of the interferences are shown in Table A-ll. 
Burning brush, HC smoke, and pesticide vapors interfered with some of the 
Bendix sampler-detectors, causing false oositive responses. The aged CCC 
sampler detector contained higher levels of enzyme than the Bendix sampler- 
detectors (see Table A-6), which accounted for the better results with the 
CCC items. The worst results were found in the presence of pesticide 
(Sevin); this was expected to some degree because Sevin is used as a 
simulant for the nerve agent test. 

3.5.3 Conclusions  from PVT I. 

• The nerve agent testing portion of the M256E1    has a  5-year 
shelf life that can be simulated  by aging the sampler-detector for 24 hours 
at  194 0F  (90 "C). 

t    The M256E1 sampler-detector as manufactured  by Bendix and CCC 
using either the Worthington or Sigma eel  enzyme adequately provides positive 
responses to VX and  GB at concentrations of 0.005 mg/cu m when the enzyme 
disc contains up to 1.8 units of eel  enzyme. 

• The M256E1  sampler-detectors will   give  false  positive  responses 
when operated  in the absence of agent at temperatures at  33  "F when  the 
enzyme disc contains  less  than  1.6 units of eel   enzyme.     However,  if they 
are  exposed at  temperatures  below 33  0F and warmed  to  temperatures  above 50 0F, 
they will   respond  properly. 

11 
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• The M256E1 sampler-detector will  give false positive responses 
when operated  in the presence of burning brush, HC smoke, and pesticide (Sevin) 
vapors when the eel  enzyme disc contains less than 1.6 units of eel  enzyme. 

• The M256E1 sampler-detector will  function properly in the 
presence of exhaust fumes, fuel   vapors, and decontaminants when the enzyme 
disc contains more than 0.8 units of eel  enzyme. 

• The wetting solution ampoule will  crack when subjected to 
temperatures of -30 0F. 

• There is no significant difference in the performance of  :he 
sampler-detector due either to using a different manufacturer of the sampler- 
detector or source of eel  enzyme. 

3.6 PIP Verification Test  II  (PVT II) 

3.6.1 Discussion, 

In order to resolve the problems  found in PVT I, the following 
potential   solutions were investigated: 

t    Replace the wetting solution ampoule with the buffer solution 
ampoule used in the standard M256 kit. 

t    Increase the amount of eel  enzyme on the enzyme disc to 
eliminate false positive results from interferences and low temperatures. 

The buffer solution ampoule will  not crack at low temperatures as 
was demonstrated in the M256 development program and the limited tests 
performed during this test program.     It remained to be proven, however, 
that the buffer solution would not hinder performance of the eel  enzyme in 
the nerve agent test.    In addition, the quantity of eel  enzyme needed to 
eliminate false positive results but still  maintain an increase in the 
nerve agent detection level  had to be determined.    This test was conducted 
in two phases.    Phase  I was a laboratory evaluation to determine the optimum 
levels of eel  enzyme on fresh and aged enzyme discs.    Phase  II    was conducted 
to prove that the M256E1 sampler-detector could be manufactured according 
to the changes established by Phase  I and give satisfactory results. 

3.6.2 Results of PVT II Phase  L 

The enzyme disc must contain at least three units of enzyme to 
meet the 5-minute color development time when functioned in the absence of 
agent at  33 ''F (Table A-12).     In addition, a  fresh disc must contain at 
least four units of enzyme so  it will   retain the required three units after 
the accelerated storage period  (Table A-13).    The sensitivity tests show 
that diic, with four to five units of enzyme will  detect VX at levels as 
low as  0.015 mg/cu m (Table A-14),  but  0.005 mg/cu m of VX will   not  be 
detected.     The buffer solution was used  in all   tests and did  not affect  the 
results. 

12 
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3.6.3 Results of PVT II Phase II. 

The M256E1 sampler-detectors manufactured for this test contained 
the buffer solution ampoule. The fresh enzyme disc contained 4.1 units of 
enzyme. The test results are listed in Table A-15. The fresh sampler­
detectors correctly responded to 0.02 mg/cu m of VX and 0.005 mg/ cu m of GB. 
The aged sampler-detector correctly responded to the absence of agent when 
exposed to the interferences that were a problem in PVT I (burning brush, 
HC smoke, and Sevin). However, the aged sampler-detectors demonstrated a 
reliability of only 581 after a 5-minute response time at 33 °F, but did 
meet the 92.51 reliability after an 11-minute response time. The reason 
for the poor results was that the a9ed enzyme disc contained only 1.9 units 
of enzyme (this was due to enzyme degradation of 531). Since the Phase I 
test items demonstrated an enzyme degradation of 301 after accelerated 
storage, the manufacturing methods used for production of the M256E1 sampler­
detectors need to be evaluated in order to reduce enzyme degradation. 

3.7 

3.7.1 

PIP Verification Test III (PVT III). 

Discussion. 

PIP verification Test III was conducted to solve any manufacturing 
problems. Since the eel enzyme is very sensitive to moisture, exposure to 
low quantities of moisture during manufacture or storage will accelerate 
the degradation rate of the enzyme. After evaluating the manufacturing 
process, two problem areas were found: the sampler-detector may be exposed 
to the atmosphere for up to 4 hours after the enzyme disc is added, and the 
desiccant strip is dried at 176 °F l80 °C) betore being assembled in the 
sampler-detector. To determine the effect of controlling these two variables, 
additional sampler-detectors were manufactured for testing. The two problem 
areas were controlled by sealing the sampler-detector in the protective bag 
within 30 minutes after the enzyme disc added, and heating the desiccant 
strip to a minimum of 100 oc before assembling it into the sampler-detector. 

3.7 .2 Results of PVT III. 

The test results are shown in Table A-16. The degradation of the 
eel enzyme was only 44%. This demonstrates an improvement of 91 over the 
degradation rate of 531 obtained in PVT II, Phase II. As a result, the 
reliability of the aged sampler-detectors increased to 781 (90% confidence 
levels) during the blank response test at 33 °F within 5 minutes and 90% 
reliability within 6 minutes. The sensitivity of the sampler-detector to 
0.02 ~. g/cu m of VX and 0.005 mg/cu m of GB was also verified. This concluded 
the tests of the M256E1 Chemical Agent Detector Kit since alI requirements 
had been demonstrated to the satisfaction of the user/developer community. 

4. CONCLUS IONS AND RECOMMENDATIONS 

4.1 Design and Operation. 

The nerve agent test spot has a shelf life of at least 5 years . 
This can be s imulated 1n an accelerated aging test by heating the sampler­
detector to 194 °F l90 °C) tor 24 hours. 

13 



The M256E1 will  detect 0.005 mg/cu m of GB and 0.02 mg/cu m of 
VX when the eel  enzyme disc contains up to 5.5 units of enzyme. 

The M2D6E1 will  give the correct response when operated  in the 
presence of field interferences and under all   the climatic conditions 
listed  in the Materiel   Need  for    the M256 kit when the eel  enzyme disc 
contains no less than 2.6 units of enzyme.    At temperatures of 50 "F or 
above, a response time of 3 minutes  is required.    At temperatures of 33 0F 
to 50 0F, a  response time of 6 minutes  is required.    At temperatures of 32 0F 
and below, the sampler-detectors are warmed after exposure to the atmosphere 
and the 3-minute response time is satisfactory. 

4.2 Processing, 

Conditions must be controlled to minimize exposure of the nerve 
spot to the atmosphere during manufacture of the M256E1 kit.     It is 
recommended that the enzyme disc be exposed to the atmosphere for no more 
than 30 minutes before being packaged.     In addition, the desiccant strips 
should be dried at 212 0F (100 0C) or above prior to assembly in the 
sampler-detector.    These two critical  conditions should be included  in the 
Technical   Data  Package for the M256E1  kit. 

14 

&mtm&ms^^ 



LITERATURE CITED 

1.    Materiel   Need  (Enginnering  Development)  MN (ED) 
Detector Kit, CDOG Paragraph  1239,  9 January 1973. 

for a  Chemical   Agent 
UNCLASSIFIED Document, 

> 

2. Goodman,  Alan.    CSL Technical   Report ARCSL-TR-81075.     Development of 
Nerve Agent Detection Devices Using Electric  Eel   Acetycholinesterase. 
February  1982.    UNCLASSIFIED  Report. 

3. Technical  Manuel   TM3-6665-307-10.    Operator's Manual   Detector Kit, 
Chemical   Agent:    M256 NSN 6665-01-016-8399.    25 January  1979.     UNCLASSIFIED 
Report. 

VV 

4.    Reliability Assessment of Product  Improved Chemical   Agent  Detector Kit 
M256E1.     Product Assurance  Directorate RAM Engineering  Branch  Report No. 
QAC-R S&R 82-10.     December  1982.     UNCLASSIFIED Report. 

lb 

mj^mmA^m^^ mmm mi 



w^** i <ii uii><miu «M*< 

Blank 

16 

iMmtttMa^^ 



vv- 

I 

APPENDIX 

TABLES 

17 

SW&ttiMb£a^:^.;v^ 



^^^^^^^^^^^^^^Wi^H^^PW^^^WW^WT"—^pw^w^w^^-limy   IJI   ■pi'j"-■■»H»J »    w ~*-~*-' 

Blank 

18 

^ 



(/I 

o 

u 

+-> 

Ol 

ex 
E 

c 

un 
CM 

O) 

o 

c 
o 

o 
O) 

O 

c 
OJ 
en < 

> 
0) 

< 

-Q 

o 

OJ 

1J3 

CM 

X 
KD 

c •» •r- 
0) o 

■•-> J- 
TJ en 

■•-> •^ c 
0) pMi o 
o 
« Jrf ■»-> 

ro 3 
0) ■— • r— 

r-  >>ro o 
3   X «n ••   00 
o o (U 
Q.T3 ■o r-    S- 

1  = c 3   «U 
<n O X- 

Q.M- 
c >« c S   3 
O r-. fO <f -Q 

t 
+J O 3 C lO 
3 r^ M- o un ^- O •■-  CSJ 
o "♦- 1^ ■u s; 
i/1   O ■o 3 

>. i—   in 
OJ ^- SI o w 
*->   B TJ 00 
03 C <u 
4. ro ♦-> l-   E *->    • d) <U   13 
ISI o -t-" i*-   to 
J3 >♦- 
ZJ 3 

O0 CO 

(U 
to to • «J   E 
oo 1.    3 1 <u 

a; J. un to 
oi+j a> • o 
c 10  to -a o 3 

■f— 0) c r— 
c C   O) n3 rO r— 

•r— •r-    C Ol 
ro rmm 'r— O C u 

•»J o  > O o 
c: x:  o f—* O) ^-i 
o O XI I ■a CTICO 
o ,— X (D C  UJ 

^IX ■•-> (O   C3 
c 0) ^l- c u .c 
o +J    • o c o  c 

■r- o o -u en X    1T3 
+-> (O •r- OJ Ol   E 
3 M l. t- 4-> 

,-M 1- I. 1— Cu C    (O 
O 0)   0) E O J= 
01 0) **- »< •r» ■^ 3 

14- .-H 
fD 4-    3 O e H- 

O .Q • s. O   S- 
u- o 0) a; 
o to O <-> O   Q- 

4-> tO * '0 </1   (T3 
+J , •r-   Q- c i •r-    Q. 
o E C   O •f— ■o 
Q- 3  Q- E »< 0) 
l^ LD 3 un ^   TJ 

O LD   »< J3 • O    13 
a; • • lO f« ro C   J- > O un ^-i (T3 CO ■r-    CD 
s- 
a> 

c 
t  1 

in 
o z un • 
L. p-l • o 
ai to ■» ^ un 

•i— • p- >« fO 
ID ^ V ^H o i-H • ■»-> <_) +-> (Tl C '~- 
CM 

f—i »« 
re 

un •« o o 
»« en lO »« <b • <U ■a 
Ol • • un +J CM to OJ c 
o cr> o • us (O +J    03 • CTl CO  c en S- 03    E 
o a> CM -f- c a; c +-> 

T3 c o •f— 4-) ai fo 
en c •f— • o s- c to OJ -C 
c ro c a; 3 ai •f— <u S-  3 

t ■r— •^ c to +-> ro c Q.  
o c <U IT3 eT3   O (a 4-> •r- E 

■<-> •r— +-> 4-> ^  >4- 5 C P— •r-    t 
u • • fD OJ C 4->  r— o O 0) 
OJ <u +J +J o Ol    3 »« o x: '   Q. 

4-> f— C OJ u E  to r>. u W    03 
a; 3 O o • • O co c Ol    CL 
Q o o f0 <u c C    E • o E ■t-> 

Q. f*m o •i-    3 o •r- 3 03    1- 
u J c r— 3 •^ E ••- r-~ <-> ^ 5   <U 
(U o >1 O +-> ITJ T3 3 0) 4-> 

r— c CL 3 O T3 f— to »» r- 
CL C ■M ai 1 f-m «— uo c o cn -r- 
E o 3 -C o >> fO to a; . <+- 
(TJ •f— P». Q. to in co 
oo ■(-> O O c Ic ^ ̂ —^ t3 t M- 

3 to ■o o rT3 +->   ■!-> t— O T3    O 
l£> ^- c •r- a;   (j o >4- -C c 
in o «- • r- 4J >4- %° O 03   U 
CM oo o o 3 O r— M- l/l 
s: s^ f— X  T3 o +J i— o C    T- 

0) ,— o O f— o to o E •-- -o 
+-> E p*. I/O E S.   fc< o Q. t^ 4-) 
TJ .c T3 ro i. oo m •l-> 03   -C 
s. n o s- un >>o OJ o ■r— i—    U 

•(-> • • r— cu • ^:     • 03 QJ • C OJ   c 
to o ■a y- o — o > o 3 en •.- 
-Q K- t 
3 3 OJ 
l^ cn z 

Appendix 19 

'mm&imtä^mmj^^ JLI+MA 



■iWMw^mmiiiMimij m> ill  i^'tn^'P lynFJci nyn-^i »»n»i»»T»Hi»» II ■» »».^»lujmi   »IIIB.IMIHI 

Table A-2.    Simulated Environments for Sensitivity Tests 

Climatic type 

Variable high humidity 

Basic hot 

Basic cold 

Aqueous limit 

Temperate (room ambient) 

* RH - relative humidity 

Operating conditions 

27  0C  (80  0F)  80 to 85X RH* 

43  0C (110 0F)   20 to 30% RH 

-25 0C  (-33  0F)  30 to 32% RH 

1 to 3  0C  (33 TO 38 0F)  80 to 82% RH 

24 to 27  0C  (75 to 80 0F)  22 to 26%  RH 

Table A-3.    Cyclic Storage Test 

Climate type Storage conditions Storage schedule Storage time 

Basic cold (Cl) 

Basic hot (A2) 

-30 0F (-34.4 0C), 
RH not controlled 

145  0F (62.8 0C), 
44%  RH 

Weeks  1,3,5,7,9 

Weeks 2,4,6,8 

5 weeks 

4 weeks 
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Table A-4. Interference Tests 

Test substance Test procedure 

Burning brush 

Exhaust fumes (test simultaneously) 

Decontaminants (test simultaneously) 

Fuel vapors (test simultaneously) 

HC Smoke 

Colored smoke (test simultaneously) 

Pesticide (Sevin) 

Test in the path of smoke 

Test downwind of the exhaust of two 
vehicles (one gasoline and one diesel) 
parked with their engines running 

Test downwind of shallow pans containing 
DANC solution, supertropical   bleach, 
and DS2 solution 

Test above open containers of diesel 
fuel, gasoline, kerosene, motor oil, 
and anti-freeze 

Test downwind of one HC smoke grenade. 

Test downwind of four smoke grenades 
(one of each color) 

Test downwind of an area that has 
recently been treated with Sevin 
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Table A-5.    Accept/Reject Criteria for Test Program 

Sample size 
Number of failure- 

Accept  Reject 

33 
64 
98 

0 
1 
2 

Table A-6.     PVT I Eel   Enzyme Disc Assay Results 

Aged discs  (units/disc) 
35 minutes*     24 hours* 

Sampler-detector 
configuration Fresh discs  (units/disc) 

Bendix/Worthington 1.3 
Bendix/Sigma 1.3 
CCC/Worthington 1.8 
CCC/Sigma 1.1 

0.9 
0.8 

1.6 
1.0 

*Storage time at 90 0C 
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Table A-15.    PVT II  Phase  II Test Results 

Test Result 

Eel enzyme disc assay 

Fresh disc 

Aged disca 

Blank Response at 33 "F (aged disc)* 

5-min response time 

7-min reponse time 

11-min reponse time 

Interference tests (aged discs)* 

Burning brush 

HC smoke 

Pesticide (Sevin) 

Enzyme concentration (units/disc) 

Average 4.1 (low 3.0, high 5.4) 

Average 1.9 (low 1.0, high 2.7) 

No. of successful tests/no. of tests 

34/50 

39/50 

50/50 

No. of successful tests/no. of tests 

48/48 

64/55 

50/50 

Agent sensitivity tests (fresh discs)  No. of successful tests/no. of tests 

VX concentration 0.02 mg/cu m 

GB concentration 0.005 mg/cu m 

33/33 

33/33 

♦Sampler-detector aged for 24 hours at 90 0C prior to  testing 
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Table A-16.    PVT III Test Results 

Test Result 

Eel   enzyme disc assay 

Fresh disc 

Aged disc 

Blank response at 33 0F (aged disc)* 
5-min response time 

6-min response time 

Agent sensitivity test (fresh disc) 

VX concentration 0.02 mg/cu m 

GB concentration 0.005 mg/cu in 

Enzyme concentration (units/disc) 

Average 5.1 (low 4.5,  high 5.5) 

Average 2.8 (low 2.6,  high 3.2) 

No. of successful  tests/no. of tests 
44/50 

48/50 

No. of successful tests/no. of tests 

33/33 

6/6 

♦Sampler-detector aged for 24 hours at 90 0C prior to testing 
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Distribution List 2 

Names Copies Names Copies 

Commander 
U.S.  Army Chemical  Research, Development 

and  Engineering Center 
ATTN:     SMCCR-DDE 

SMCCR-DDD 
SMCCR-DDP 
SMCCR-HV 
SMCCR-MS I 
SMCCR-MU 
SMCCR-MUP-P 
SMCCR-NB 
SMCCR-OPC  (B.  Eckstein) 
SMCCR-OPF 
SMCCR-OPP 
SMCCR-OPR 
SMCCR-PPC 
SMCCR-PPI 
SMCCR-PPP 
SMCCR-RSL 
SMCCR-RSP 
SMCCR-RSP-A (M. Miller) 
SMCCR-RSP-B 
SMCCR-RSP-P 
SMCCR-RST 
SMCCR-SF 
SMCCR-SPS-T 
SMCCR-ST 
SMCCR-TDT (S.  Lawhorne) 
SMCCR-DDA (Record copy) 
SMCCR-DDP (R.  Eckhaus) 

Aberdeen Proving Ground, MD    21010-5423 
20 

Commander 
U.S. Army Missile Command 
ATTN:    AMSMI-ROC (Dr.  B.  Fowler) 1 
Redstone Arsenal , AL    35898-5242 

Commander 
U.S. Army Missile Command 
ATTN:    AMSMI-RGT (Mr.  M. Maddix) 1 

AMSMI-YDL, Bldg 4505 1 
AMSMI-YLP (Mr.  N.  C.  Kattos) 1 

Redstone Arsenal , AL    35898-5500 

Commander 
Anniston Army Depot 
ATTN:    SDSAN-CS 1 
Anniston, AL    36201-5009 

Commandant 
U.S. Army Chemical  School 

ATTN:    ATZN-CM 
ATZN-CM-CC 1 
ATZN-CM-CS (Deputy MLSO) 1 
ATZN-CM-MLB 1 
ATZN-CM-NC 1 

Fort McClellan, AL    36205-5020 

Commander 
U.S. Army Aviation Center 
ATTN:    ATZQ-CAT-CA-M (CPT P. McCluskey)        1 

ATZQ-D-MS 1 
Fort Rucker, AL    36362-5000 

K Commandant 
U.S.  Army Ordnance Missile and Munitions 

Center and School 
ATTN:    ATSK-EI  (Mr.  Cranford) 
Redstone Arsenal , AL    35897-6700 

Commander 
U.S.   Army Missile Command 
Redstone Scientific  Information Center 
ATTN:    AMSMI-RD-CS-R/ILL Documents 
Redstone Arsenal , AL    35898-5241 

Commander 
U.S. Army Electronic Proving Ground 
ATTN:    STEEP-DT-F 
Fort Huachuca, AZ    85613-7110 

Commander 
Naval  Weapons Center 
ATTN:    Code 3893  (Dr. 
China Lake, CA    93555 

L.  A.  Mathews) 

Commander 
U.S. Army Science and Technology Center 
Far East Office 
ATTN:    Medical/Chemical  Officer 
APO San  Francisco    96328-5000 
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c-; 
Commander 
U.S.  Army Armament, Munitions and Chemical 

Command 
ATTN:    AMSMC-ASN 1 

AMSMC-IMP-L 1 
AMSMC-IRA 1 
AMSMC-IRD-T 1 
AMSMC-SFS 1 

Rock  Island,  IL    61299-6000 

Commander 
U.S.  Army Natick Research, Development and 

Engineering Center 
ATTN:    STRNC-W 

STRNC-WS 
STRNC-WTS 
STRNC-WTT 

Kansas Street 
Natick, MA   01760-5018 

Cv" 

Director 
U.S.  Army Materiel  Command Field Safety 

Activity 
ATTN:    AMX0S-C (Mr.  L. Morgan) 1 

AMX0S-SE (Mr. W.  P.  Yutmeyer) 1 
Charlestown,  IN    47111-9669 

Commander 
Naval  Weapons Support Center 
ATTN:    Code 5063  (R.  Farren) 1 

Code 5063  (Dr.  J.  R.  Kennedy) 1 
Crane,  IN    47522-5050 

Commander 
U.S.  Army TRAD0C  Independent Evaluation 

Directorate 
ATTN:    ATZL-TIE-C (Mr,  C.  Annett) 1 
Fort Leavenworth,  KS    66027-5130 

Commander 
U.S.  Army Combined Arms Center Development 

Activity 
MrN:    ATZL-CAM-M 1 
or; Leavenworth,  KS    66027-5300 

Commander 
U.S.  Army Armor School 
ATTN:    ATZK-DPT (NBC School) 
Fort Knox,  KY    40121-5211 

Commander 
U.S.  Army Natick Research, Development and 

Engineering Center 
ATTN:     STRNC-AC 
Natick, MA    01760-5015 

Commander 
U.S.  Army Natick Research, Development and 

Engineerinc, Center 
ATTN:    STRNC-UE 1 

STRNC-UMP 1 
STRNC-US 1 

Kansas Street 
Natick, MA    01760-5017 

Commander 
U.S.  Army Natick Research, Development and 

Engineering Center 
ATTN: STRNC-IC 

STRNC-ICA 
STRNC-ICAA 
STRNC-ICC 
STRNC-ICCC (Mr. Tassinari) 
STRNC-IP 
STRNC-ITF (Dr.  R.  Roth) 
STRNC-ITP (Mr.  R.  Liable) 

Kansas Street 
Natick, MA   01760-5019 

Commander 
U.S. Army Natick Research, Development and 

Engineering Center 
ATTN: STRNC-YBF 

STRNC-YBH 
STRNC-YE 
STRNC-YEB 
STRNC-YEP 

1 STRNC-YM 
STRNC-YMM 
STRNC-YS (Dr. M.  L.  Herz) 
STRNC-YSC (Dr.  D. H.  Robertson) 

Kansas Street 
1      Natick. MA   01760-5020 

Commander 
U.S.  Army Materials Technology Laboratory 
ATTN:    SLCMT-0P (Dr.  N.  Schneider) 1 
Watertown, MA    02172-0001 

HQ AFSC/SDTS 
Andrews AFB, MD    20334-50U0 

HQ AFSC/SGB 
Andrews AFB, MD    20334-5000 

Commanding Officer 
Naval  Explosive Ordnance Disposal 

Technology Center 
ATTN:    Code BC-2 
Indian Head, MD    20640-5070 
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Commander 
U.S.  Army Technical   Detachment 
Naval  Explosive Ordnance Disposal 

Technology Center 
ATTN:     AMSMC-EDT 
Indian Head, MD    20640-5096 

Commander 
Detachment S 
USAOG, Team  III 
Fort Meade, MD    20755-5985 

Commander 
Harry Diamond Laboratories 
ATTN:    DELHD-RT-CB (Dr.  Sztankay) 
2800 Powder Mill   Road 
Adel phi , MD    20783-1197 

Director 
U.S.  Army Concepts Analysis Agency 
ATTN:    CSCA-RQL (Dr.  Helmbold) 
8120 Woodmont Avenue 
Bethesda, MD    20814-2797 

Director 
U.S. Army Human Engineering Laboratory 
ATTN:    AMXHE-IS (Mr.  Harrah) 
Aberdeen  Proving Ground, MD    21005-5001 

Project Manager 
Smoke/Obscurants 
ATTN:    AMCPM-SMK-E (A.  Van de Wal) 

AMCPM-SMK-T 
Aberdeen  Proving Ground, MD    21005-5001 

Commander 
U.S.  Army Test and Evaluation Command 
ATTN:     AMSTE-TE-F 

AMSTE-TE-T 
Aberdeen  Proving Ground, MD    21005-5055 

Director 
U.S.  Army Ballistic Research Laboratory 
ATTN:    AMXBR-OD-ST (Tech Reports) 
Aberdeen Proving Ground, MD    21005-5066 

Director 
U.S. Army Materiel  Systems Analysis 

Activity 
ATTN:    AMXSY-CR (Mrs.   F.  Liu) 

AMXSY-GC (Mr.  F.  Campbell) 
AMXSY-MP (Mr.  H.  Cohen) 

Aberdeen Proving Ground, MD    21005-5071 

Commander 
U.S. Army Toxic and Hazardous Materials 

Agency 
ATTN:    AMXTH-ES 

AMXTH-TE 
Aberdeen Proving Ground, MD    21010-5^01 

Commander 
U.S.  Army Environmental   Hygiene Agency 
ATTN:    HSHB-0/Editor1al   Office 
Aberdeen  Proving Ground, MD    21010-5422 

Commander 
U.S.  Army Armament, Munitions and Chemical 

Command 
ATTN:    AMSMC-HO (A)   (Mr.  J.  K.  Smart) 

AMSMC-QAC (A) 
AMSMC-QAE (A) 

Aberdeen Proving Ground, MD    21010-5423 

Commander 
U.S. Army Technical   Escort Unit 
ATTN:    SMCTE-AD 
Aberdeen Proving Ground, MD    21010-5423 

Commander 
U.S. Army Medical  Research Institute of 

Chemical  Defense 
ATTN:    SGRD-UV-L 
Aberdeen  Proving Ground, MD    21010-5425 

Director 
Armed Forces Medical   Intelligence Center 
ATTN:    AFMIC-IS 
Building 1607 
Fort Detrick, Frederick, MD    21701-5004 

Commander 
U.S. Army Medical  Bioengineering Research 

and Development Laboratory 
ATTN:    SGRB-UBG (Mr.  Eaton) 

SGRB-UBG-AL, Bldg 568 
Fort Detrick, Frederick, MD    21701-5010 

Commander 
HQ l/163d ACR, MT ARNG 
ATTN: NBC (SFC W. G. Payne) 
PO Box 1336 
Billings, MT 59103-1336 
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Director 
U.S. Army Research Office 
ATTN:    AMXRO-CB (Dr.  R.  Ghirardelli) 

AMXRO-GS 
PO Box 12211 
Research Triangle  Park, NC    27709-2211 

Commander 
U.S.  Army Cold Regions Research and 

Engineering Laboratory 
ATTN:    CRREL-RG 
Hanover, NH    03755-1290 

Commander 
U.S. Army Armament Research, Development 

and Engineering  Center 
ATTN:    SMCAR-CCL-E 1 

SMCAR-CCT 1 
SMCAR-FSF-B 1 
SMCAR-LCE-C (Dr. H. Matsugama) 1 
SMCAR-LCE-P  (Dr.  3. Morrow) 1 
SMCAR-MS1 2 
SMCAR-SCA-C (Mr.  R.  A.  Trifiletti) 1 
SMCAR-SCM (Bldg 335) 1 

Picatinny Arsenal ,  NJ    07806-5000 

Project Manager 
Cannon Artillery Weapons Systems 
ATTN:    AMCPM-CAWS-A 
Picatinny Arsenal , NJ    07806-5000 

Director 
Los Alamos National   Laboratory 
ATTN:    T-D0T, MS  P371  (S.  Gerstl) 
Los Alamos, NM    87545 

Commander 
U.S. Army Scientific and Technical 

Information Team, Europe 
ATTN:    AMXMI-E-C0 
Box 48 
APO New York 09079-4734 

Commander 
Headquarters, 3d Ordnance Battalion 
ATTN:    AEUSA-UH 
APO New York    09189-2737 

Commander 
U.S. Military Academy 
Department of Physics 
ATTN: MAJ Decker 
West Point, NY    10996-1790 

AFWAL/FIEEC 
Wright-Patterson AFB, OH    45433-6503 

HQ ASD/AESD 
Wright-Patterson AFB, OH    45433-6503 

AAMRL/HET 
Wright-Patterson AFB, OH    45433-6503 

FTD/TQTR 
Wright-Patterson AFB, OH    45433-6508 

AFWAL/FIES/SURVIAC 
Wright-Patterson AFB, OH    45433-6553 

AAMRL/TID 
Wright-Patterson AFB, OH    45433-6573 

Commander/Director 
U.S. Army Atmospheric Sciences Laboratory 
ATTN'    SLCAS-AE (Dr.   F.  Nilas) 1 

SLCAS-AE-E  (Dr.  D.  Snider) 1 
SLCAS-AR (Dr.  E.  H.  Holt) 1 
SLCAS-AR-A (Dr. M.  Heaps) 1 
SLCAS-AR-P (Dr. C.  Bruce) 1 
SLCAS-AR-M (Dr.  R.  Sutherland) 1 

White Sands Missile Range, NM    88002-5501 

Director 
U.S.  Army TRADOC Analysis Command 
ATTN:    ATRC-WDB (L.  Dominguez) 1 

ATRC-WSL 1 
White Sands Missile Range,  NM    88002-5502 

Commandant 
U.S. Army Field Artillery School 
ATTN:    ATSF-GA 
Fort Sill , OK    73503-5600 

Commander 
Naval  Air Development Center 
ATTN:    Code 60332  (D.  Herbert) 
Warminster, PA    18974-5000 

Commandant 
U.S.  Army Academy of Health Sciences 
ATTN:    HSHA-CDH  (Dr.  R.  H. Mosebar) 

HSHA-CDS (CPT Eng) 
HSHA-IPM 

Fort Sam Houston, TX    78234-6100 
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HQ HSD/RDS 1 
Brooks AFB, TX 78235-5000 

HQ HSD/RDTK 1 
Brooks AFB, TX 78235-5000 

HQ USAFSAM/VNC 1 
Brooks AFB, TX 78235-5000 

Commander 
U.S.  Army Dugway Proving Ground 
ATTN:    STEDP-SD (Dr.  L.  Salomon) 1 
Dugway, UT    84022-5010 

Commander 
U.S. Army Dugway Proving Ground 
ATTN:    STEDP-SD-TA-F (Technical   Library)      1 
Dugway, UT    84022-6630 

Director 
U.S. Army Communications-Electronics Command 
Night Vision and Electro-Optics Directorate 
ATTN:    AMSEL-NV-D (Dr.  R.  Buser) 1 

AMSEL-NV-V (Luanne Obert) 1 
Fort Belvoir, VA    22060-5677 

Commander 
Marine Corps  Development and 

Education Command 
ATTN:    Code D091, SPWT Section 1 
Quantico, VA    22134-5080 

Commander 
U.S. Army Nuclear and Chemical Agency 
ATTN: MONA-CM 1 
7500 Backli ;k Road, Bldg 2073 
Springfield,  VA    22150-3198 

Chief of Naval   Research 
ATTN:    Code 441 1 
800 N. Quincy Street 
Arlington, VA 22217 

Administrator 
Defense Technical Information Center 
ATTN: FDAC 2 
Cameron Station, Building 5 
Alexandria, VA   22304-6145 

Commander 
U.S.  Army Materiel   Command 
ATTN:    AMCCN 1 

AMCSF-C 1 
5001 Eisenhower Avenue 
Alexandria, VA   22333-0001 

Commander 
Naval  Surface Weapons Center 
ATTN:    Code E4311 1 

Code G51    (Brumfield) 1 
Dahlgren, VA    22448 

Commander 
U.S. Army Foreign Science and Technology 

Center 
ATTN:    AIAST-CW2 1 
220 Seventh Street, NE 
Charlottesville, VA    22901-5396 

Director 
Aviation Applied Technology Directorate 
ATTN:    SAVRT-ATL-ASV 1 
Fort Eustis, VA   23604-5577 

Commander 
U.S. Army Training and Doctrine Command 
ATTN:    ATCD-N 1 
Fort Monroe, VA   23651-5000 

HQ TAC/DRPS 1 
Langley AFB, VA   23665-5001 

Commander 
U.S.  Army Logistics Center 
ATTN:    ATCL-MGF 1 
Fort Lee, VA    23801-6000 
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REPLY TO 
ATIENTION OF 

RDCB-DPS-RS 

DEPARTMENT OF THE ARMY 
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND 

EDGEWOOD CHEMICAL BIOLOGICAL CENTER 
5183 BLACKHAWK ROAD 

ABERDEEN PROVING GROUND, MD 21010-5424 

MEMORANDUM THRU Director, Edgewood Chemical Biological Center, (RDCB-D/Mr. ~ G.- 111 
1!:, 'I ()(./( \ Joseph Wienand), 5183 Blackhawk Road, Aberdeen Proving GrOlmd, Maryland 21010-5424 ., 

FOR Defense Technical Information Center, 8725 John J. Kingman Road, Ft Belvoir, VA 22060 

SUBJECT: Internal Request for Change in Distribution 

1. This action is in response to an Edgewood Chemical Biological Center (ECBC) Internal 
Request for a Change in Distribution on documents related to chemical detectors. 

2. The listed documents in the attachment have b~en reviewed by ECBC Subject Matter Experts 
and deemed suitable for the change in distribution to read "Approved for Public Release; 
distribution unlimited." 

3. The point of contact is Adana Eilo, ECBC Security Specialist, (410) 436-2063 or 
adana.l.eilo.civ@mail.mil. 

Encl ~(€p 
Acting Security and Surety Manager 

Printed on ® Recycled Paper 
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