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I. Intraduction.

~

: Monitoring of chemical storage depots 1ncorgerates a combinatinn nf

bubblers, blue band detectaor tubes, and.MB/M3Al automatizc chemical Hsrzc-mro,
These methods suffer from expense., time, zensitivity and seiectiv:.tv
restraints. A potential solution to upgrade current meritoring pracedures i3

to use Miniature Automatic Continuous Air Monitor Svetems (MINIZAMT) maonfad

in a mobile vehicle with heated sample lines that wculd he inserted 17tz 3

chemical muritinon storage igloo.\\The advantages of MINILCAMS sre » cecbtz- o
. - - . . o i - . . . \‘
be cnst savinqgs. sensitivity improvement. anrnd shertaning 2f amal iz risnes,
Pine Bluff Arsenal was tasked with performing fieid “~izls 1 +h=

MINICAMS to determine the reliability and functional capabilitieg 2f =me

units. Two multiagent MINICAMS were purzhased from M3 Resesz~n D:-~. R, =--=

Detection Directnrate, Chemical Research Develapment and Engioewc- -7 Tarc:

(CRDEC). Aberdeen Proving Ground, and loaned to the Pine Biuff Arzeral (7B
fer testing and evaluation. They were installed in 3 vehicia spec.ali!.
modified to support a mobile laboratary coeration. The foliowir: rapz-t

documents the laboratorv and fizld functianing tests which were pe- "o-rerd.




II1. Experimental.

A. Instrumentation.

The multiagent MINICAMS S/N 1394 and 1395 air monitoring and
alarm systems were purchased from CME Research Corp., Birmingham, Alabama.
The systems consist of sorbent tube collection devices. zTapiilary GC Zolumne
and flame—-ohntometric detectors with autcmated timing circuits ard ala-ms

(See Diagram 2, page 10). The entirz2 system is contained in a single uhkassis

which includes the sampling and analytical system, the controller. and the
display. Basic instrument operating parameters (gas flows, dehtsctar
tehperature, etc.) zan be set by the operator.x.Concentratinn readigs and
alarm conditions are indicated on the liquid crystal disclias (LCDY and ma- r=2

transmitted to a dual pen recorder, a printer, a flogpv disk drive, ard a
remote computerTvxThe recorders and floppy disc drives were nurchased from TMS
Resear=zh Corp. B

A two ton dual rear wheel Utilimaster Fard truck was rodifisd
into a mobile labaratory and housed all necessary equipmert. See D:aq?a} N

nage 8, for the general layout.

The MINICAMS, when in the mobile laborater,., wer=2 powernd 2y

Ty

parallel 2000 watt TRIPP Lite inverters from Trippe Manufacturing Cs. The
inverters supplied uninterruptable 120 vac. from a 12 volt batterv pact, wh.icr
in turn was charged by an on-board 120 vac. Onan generator. The TRIPF

inverter was mocified t-om a sguare wave to a sine wave outpunt Dec3ause Lt
became evident that the MINICAMS circuitry would not operate on a sguare wave,
The model 1531-107B-G288X vacuum pumps from Gast Manufacturing Co. for air

sampling were powered directly from the (Onan generatar. The heated sample




lines purchased from CMS Research Corp. were powered independently of the van
from a 120 volt power linme run to the igloo. The 75 foot sample lines were
1/4" o.d. teflon wrapped with heat tape for uniform heating. The operating
temperature was approximately 60 degrees C. The sample lines were connec ted

to the outside of the truck with stainless steel Quick-Cormmect fittings.

= ’
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MOBILE LABORATORY FLOOR PLAN Diagram 1




B. Principles of Operation.

The MINICAMS were set to sample air through an inlet chect
valve and preconcentrator tube (PCT) for 180 seconds using a vacuum pump. The
vacuum pump flow rate was set at 1 liter/minute. After sampling 3 liters of
air a valve switched from vacuum to nitrogen (20 psi. head pressure), and
directed it'through the PCT into a DB-1 equivalent capillary column (0.32 am.
i.d., 1S meters, coated with a 4 micron methyl silicone film). The PCT was
ballistically heated to 220 degrees C. for 30 seconds to purge the ageﬁt whict
collected on the capillary column. The capillary column was then ramped from
30 to 180 degrees C. in 45 seconds to separate the agent from interferents anc
elute it into a flame phbtometric detector (FPD). The FPD is espebially
sensitive and selective to phosphorus and sulfur containing compounds (See
Diagram 2, page 10). A choice of optical filters in the photomultiplier tub::
brackets either 526 nanometers for phosphorus or 394 nanometers for sulfur.
Agents were identified by retenticn time and quantitated by peak height.

Agent concentrations were automatically calculated into TWA equivalents hasec
on the standard used to calibrate the instrument and displayed on the LCD. ¢
instrument alarm and warning light were configured to alert the operatcr o7
high concentrations of agent. Data from the test program was assessed by
"CERTIFY" software used in the Laboratory Quality Assurance Pragram at Pjne
Bluff Arsenal.

A dual pen recorder was used to help distinguish the agent f-gr
possible interferences in ;he chramatoagram. A floppy disc was used as an
optional means of data collection. Data was primarily collected by writing

LCD displayed results on data sheets.




INLET CHECK VALVE

S
nitrogen in 4*/?ﬁ-\PCT HEATER

I PRECONCENTRATOR
TUBE

to vacuum pump

FPD

CAPILLARY COLUMN

COLUMN HEATER

MINICAMS FLOW DIAGRAM

Diagram 2

C. Acceptance Requirements.

All agents were injected into each instrument according to the
scheme shown in Table 1. TWA challenges were calculated by assuming 100%
trapping efficiency when sampling air at TWA agent levels. Agent samples were
then diluted so that 5 ul contained the amounts expected when sampling air at

1 TWA.
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TABLE 1

Acceptance Testing Scheme for MINICAME for all Agents

Injectien Scheme fAcceptance (TWA) Ranage
cne 0 ul injection = C TWA —-——— N/A -—-
cne 1 ul injectian = 0.2 TWA O 1S——mtb e oo 29
Five 2.3 ul i1njectinns = Q.5 TWA D3R -——-=t e 532
ten S ul injections = 1 TWA 0.75——=£1-03we] .29
five 10 ul! injections = 2 TWA 1.950=-=—t@ -0 -8 S0

This gscheme ralls for making 22 injections for each agent on each nstrumsn=,

For the MINICAMS to perform accegtablv, 95% 2f +t-g
or 1 TWA equivalent values must be in the range of O0.79 tn .2 TliA.
Additiscnally. 795% of the remaining values must De within + Z5% of tRai-
theoretical values, except for the 0.2 TWA equivalenrt values where tne recyt*ts
are decsired but not required (See Apperndix 1).

Field Furctional testing was carriea cut tisinmn She zImomd

Tanie 2. Cne set consicsted of 4 ‘data pcinte as sAacwn. Csmh ozt -iin=a-

]

ckhallenged with 44 sets under varving field cenditions.

TABLE 2

Data Sets Collected for Field Functional Testi-n

Injection Screme Target (TWR)Y Range
S ul =1 TWA = 0,3 ng GB 0.75~=—£1.-0203~02] .35
2.5 ul = 0.5 TWA = 0.15 ng GB 0.38-—--t>-m01-—=) 42
10 ul =2 TWA = 0.6 ng GB 1.30-—~—t&.-001-—-—-2 30
0O ul = 0 TWA =

blank == N/A —=--

Injections were made in the order shown.

11




D. Agents Ysed in Testing.

Neat SARM agents were nobtairmed from CRDEC, Aberdmen, Marwvliand,
The GE was ?5.7 mole% pure ty NMR: the HD was 97.6 mcle’ oure: ard thé v
was 935.9 mole% by NMR. Dilutions were mada into hezare. Al s+norbks ang
standards wer= stored at QO to —-1C>C,

E. Test Procedures.
1. General.

Thre MINICAMS were turned cn and gas cyviinders cpern=d, w~wi1+th

nitrogen and air h=ad pressures adjusted to 20 and 35 csi.. respcectivai,. T

hvdrogen prescsurz2 was set to 10 psi. urtil the flame photonetrit d=tac+nr

T
s

(FPD) block reached approx. 190 degrees C. The multiagent unitk

Wt

S2an
autoignite feature. After the flame autoignited, the hydrogen pressure was
increased to 35 psi. The proper optical filter and preconcentratar tubhe wer:
verified.
The agenflto be analyzed and correct input cperating

parameters were seliected on the arnalog screen. The PARAM push--utton 2rc -2
INCR or DECR push-buttons were depressed to set the sampie flow (S&NF¥.+A HER
ml/mir (if no lirear mass flowmeter (LMF) is available, set SAMF to zeorn
ctherwise an error code will be activated during the sampling pericd:’. Af o

turning oan the vacuum pump, the signal screen was selected by cressirg th

i

INCR and PAGE push-buttons. When the MINICAMS unit was 10 the sampiing cer .o
(the clock is also visible on this screen), the vacuum pump needle valve was

adjusted to obtain 1000 ml/min.

12




The recorder cables were connected fraoam the recorder to tre
MINICAMS, and the recorder was zerned on e=ach channel. The INCR ard PAGE

cush-buttons were used to select the Recorder | (R1l) screen. ard the FA&ARAM

ERTER push-huttons %o celect the zhromatroqgram ‘CHRCTM! carameter . h]laict —en

.~

The PAGE push-tutton was then pre2ssed auntil the Recorger £ (F3) st esn wias

zeen and the above stens were repeated to select the concentration (COMTH

narameter (r=2d per}. The chart soee2d was zeft to2 2 Zm/minn wihth wost <hanneal
set on the 10V range scale.
The working standard was removed from the freecs- a0

ztadilizec at room temperature. A succession of agent inmjections was mactes

the iniet valve and with the aid of the recoraer the best agent gace ==2tti-~

for the analvte was determired. A | TWA injection was then made and while

viewing the main screen the PARAM nush-hutton was npressad until C2L was

nlinking., When the concentraticn was displavyed, EMTER was 1nmmedii-lis: --e

s

P
R

it

toc calibrate the instrument at 1 TWA (i1f the audic alarm has heEer ac 3
preasing the ENTER push-button will simultanmenusly sii=snce the alarm
Several other 1 TWA injectinns were made to verify that tne disglaved

concentrations remained close to 1.0 TWA. Table 2 showe the 2perating

parameters used for all agents,

13




TABLE 3

Seneral

TEMPERATURES C: Aambient

Inlat

FPD bloc:

8D flame

Column, low

Column, high

RPCT neater, 10w

PCT heater, high
PRESSURES psi: SN

Mitrogen

Hydrocgen
SAMPLE mismin: Flow rate
VOLTAGE ved.c.: FPD photomultiplier
TIMES sec.: Purge 0O - 120

Desorb o - 30

Iniect i2n - 134

FPD zero S - 19
PHCTOMULTIRPLIER Yellowish—-green for
GPTICAL FILTER : Purple far
PRECONCENTRATOR Hayesep D for
TUBE : Tenax GC for

V-G conversion pads were
Iniectinns far
cnta the

fcr VX analyses.
agent directiy

installed
X
V-5 pad.

14

abcve thre ~h
wer2 made by d=ca

MINICAMS Operating Parameters

(AMB) : Ch=
CINLD : =S
(FEDTH : 1S
CFLAT) : 223
(i.CoLy : 33
fHCOL ) : 1gn
LPCT : ==
(RFCT e cEn
(AIPRR: : hs)
CNEPR : oo
VHEPR) : ==
{SAMF) T 1000
T 1400

Sample 1en
Columnr 20
inliat - . s
Agant Cate 47
AT

~20

~gents GB and
Agent =D

fAgents GB and
Agent HD

iniet

'

IRERLE

Cr
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(v" X
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2. Acceptance Testing.

Acceptance testing was performed in accordance with a plan
submitted by the Test and Evaluation Office: Research, Development &
Engineering Support Directorate; CRDEC (Appendix 1). The instruments ,were
first installed in the Product Assurance Lab at the Pine Bluff Arsena:, Rotk
iNstruments SN 1394 and 1395 were c£alibrated by injectirg € 1 n¥ wocting
standard irto the 1nlet check valves. Initially, CMS Researzh Toro.
recommended using calibration concentrations of 0.1& pem GB, 2.3 npm KD ansg

DL Dis ppm VX, Irjections of 9 ul of these standards ar=s eguL) v 2.2t b

sampling air with TWA levels of agent for § minutes wsing tme HIMNIT&HICS 2~

Wb

minute cvacling prngram. To save time, however, Dan Coleran - 3in TS Fecm, oo
suqggested using a S minute cycling preogram. Because bac-arnund tnter“erarozs
were occasionally found to occur in the chromatogramse whern sampiing for
times, additional calibration sets and series.of injections were aserfarmed or
each instrument using GB at 0.0S5°ppm and HD at 1.62 opm. Theas:
zoncentrations repre2sent the amcunts thai would be fcocunrc i:_aif at a Son
ml/min flnw on 3 & minute cycling preogram with a 3 mirute sameolinng Fins
~onsistant with the parameters we used whi}e evaluating thes2 instrum=2mts e

Table 3). VX was also evaluated using a 0.023 ppm standard an a 1S minuts

>
, .

cvelirng program. A fresh standard was used daily, and in all cases a 17

[

)
1]
"

Hamilton svringe was used for injections at 120 seconds intn earch ¢z
Table 3. After the initial calibration. the I1nstruments w~were onlv
recalibrated if 2 or more consecutive data points were out of the acrceptance

range (Table 1). Two series of injections were made for each agent nn =ach

unit with each -alibration concentration evaluated.

15




3. Functional Field Testing.

Tests were performed in accordance with the test plan asubmittec
bv CRDEC {(Appendix 1), The MINICAMS were powered up daiiy with the nobii=
laberatory at the laboratory (Bldg. 34-111); the iglco was they obtainéd: “he
truck driven to the test igleco site (Bldg. 61-453:: and the 7T foot hests:
sample lines were comnected to the external sampling pborts. Shert npieces orf
nunheated teflon line were used to connect the i1nternal samplirg ports +tn the
MIMICAMS inlet rcheck valves.

Five microliters of a 0.06 ppm GB working standard were

injectec directliv inta the inlet check valves to calibrate the st comentaz,
The operating parameters are listed in Taole 3. 4 fregh zstanda-" waz 1asd
gdaily and in all cases a 10 ul Hamilteon svringe was used for -~iectid;=.,

After the initial calibration the units were recalibrated in the field whenr
readings began fto fall outside + 25% cof the target ranage for eact
~orcentration. A data set cansiste of the feour pcints showrn 1 "3 =

Data set injections were made insiae the igloo st the end of
foot heated sample lines at 120 to 130 seconds into the MINICAMS - . -ile, G-
the | 1/min. flow rate used, the sample should reach the instrumert 12 =S
seconds, well within the 3 mirnute sampling time of the cvcle. Becal.se A«
linear mass flowmeters (LMF) were available for these multiagert instruments,
the vacuum pump sample flow rates were set at 1000 ml/min using a LMF rhst as
connected to a single—agent MINICAMS. (A single-agent MINICAMS unit was
available in the mobile lab but was not a part of the Field Functicnal

Testing.' The vacuum pumps were then switched back to the multiagent units.

16




Pericdically the preccncentrator tubes (Hayesep D) required
changing. They were generally charged zvery few days when *the blark EEJaﬁ ts
drift upward following the !0 ul inj=2cticon of a data set.

Ofter a data cset for 2ach instrument wass Tolilethzd s+ the
1gioo, the igloo was seczured, sample limes were disconnecrec. anc thas van

driven or paved and gravel rcads for about 22 minutes. The MIMNITIME a3nd

neated sample lines were cperated continuously after dail. sztarr-e urbal )
end cf the dailiv test rouvktine. Data sets were collected fo- =zcn zhoonE T

rerizcd of B weetbks.,

8]
-
1!
h
W

"1
4
[
N
B

Mote was made cf all irmstrumert =2rror messacecs and mzif o

nn Failure/Maintenance Data Sheets. Agent challenge responzes wers2 recnrdzd

j

on Field Functional Test Data Sheets.

&4t the ronclusion cf the dav, *h=2 MINICAMS we-= tar hed o fF 3

Y]

the gas supplies were turmed off at the tanks. The 5glon waz sercured. h2atsc
zample lines disconnected fraom the var, electrical power fo shem alz--wrechac

and the igloc key turned ir.
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I11. Results.
A. Acceptance Testinrng.

MINICAMS serial number

1394 was subjected to

the acceptanca

testing criteria for chemical agent GB at two different agert standarg

concentraticons: D.1&8& ng/ul and 2.08S n3/ul respectiveiv. &

ected at the 20,15 rg/u

o

Aanirts wera cnl
sub jected %o statiztical =avaluatioson us
Chemical Stockoile Disposal Program.

Dlanke that nad readings of D TWA, and

-~

gave readinges cf Q.20 TWA and <.18 TA

1 concerntration, nF

i=q the ZERTIFY =of+w

in

The 4 points not incl

ar2 ZroTuoine

tstal nf -4 Az

o1
}
S
A
it
R
m
)}
u

Q

tidert were tha

£the two inectionzs mads at T BT

. Having orly twc r=

these =piting levels made it imposzible to i1nclude frese de

statistical rreatment of the data berca

=

v of =

bese

uee of inabi

to accept less than 3 data points at =ach challenge l=2vel.

injections had to bhe performed for this trial and nc ocutliers were decect.:

A hrief summary of the statistical results for this inste

- ,

Tacle 4. Table

-

shows the alarm sett
from the data coli.ected on instrument

s*tandard. Diagram 3 shows th2 Target

and additional statistical data for acceptance testing nfr

using the same calibration starndard.
the instrument alarm setting of 0.80 T

suprorted by this dara. The concentra

ings generated by the
1394 using the C.0OSSE

ve., Found relationcs-i

Frem Tables 4 and 7,

WA as recommended by

ticn 1nterval between

te minsrinrs i

s TESTICTV vt

Mo ranessr

this i1nstrimen-

1t can he ss2er

the manufazh . =

the _0C ara -

TAL. is large encugh to minimize the risk of obtaining false ncsitives ard

negatives. Diagram 3 also shows that

the air sample found concentration :is

the uncertainty (with

+13.7%, which is well

13

S9% caonfidenrc

within the +

o
-3

R

i

o IR
= 1

S
==




guideline set fcrth in AMC 385-131. For the trials conducted using the GB
standard concentration of 0.05% ng/ul on instrument 1394 the reczults seem <o
be biased toward higher fourd concentrations. This indizates that a grnclem

may have octcurred during the calitration of the instrument. Perhares 1Y waer 1

]
i

sufficiently equilibrated, or iniection errors mav hawve scoar-—=d. Trre=wy

¥

fal

the results are similar to those found for the Q.16 ng'ul concertraticn,

re2peat injections had to be performed and ne outliers were d=2t=~ted.

TABLE 4

Summary o*¥ Results from MINMICAMS Acceptance Testhirn
for
Instrument 1394
~larm set-ing

Date Sample Calib FAaL TAL ILOG 9S% confidence
Tested Agent  Size  Conc (ppm). (TWA)  (TWA)  (TWA:  level Tl
23,24 Jan 91 58 40 I 0.828 Q.713 G.lri2 =
39 Jar 21 GB c0 0.035 D.7383 0,724 ot T bL,ETE
23 Fan 91 HD 41 4.8 0.863 0.659 R BT O L8C5
31 Jan 91 HD 40 1.62 Q.7483 0.5°3 0.352 CLTTE
A4 Jan 9t VX 35 0.016 0.771 0.493 QLLTe B IR E
FAL '= Found Action Level - "is the highest found concentratior at which *rz-=2

iz a 97.3% level of confidence that the true concentration is le=s trar
the hazard-level."*

TAL = Target Action Level - "ie the highest true concentration %kat —an he
distingquished with a 97.3%% level of confiderce fram haziard-12.2}
corcertrations.” *

LOQ = Limit of Quantitation - "is the lowest true concentration that can ke

detected at least 97.5% of the time."

* Hazard-level was defirmed in the CERTIFY program as | TWA equivalent.
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TABLE 5

Summary of Results fraom MINICAMS Acceptance Testing
for
Instrument 1395

Alarm setfiag
Date Sample Calib AL TAL L 0Oa St corfigents
Tested  Agent . Sire Canc (pemd (TWA) {ThA) TWay level TLA
23,2« Tan Qi GB &) I =t N.766 0.&66C R N, 22
0 Jan <1 GB 20 .09 0.995 0,730 3,123 Point=
232 Jan F! HD 40 4.8 .82 0.59%9 D.21% 0.B8973
31 Jan <91 D 40 1.62 0.780 0.588 O, ER .8 lu
24 Jar 91 VX 40 0.01s% 0.879 0.709 0.118 Q.89732
The same method was used to assess the perfornanmce o7 MIMIITANT
:eria!l numtcer 1395 for chemical agent GB. Agsain, two 2gent starndaraos ma.:qQ
caonce~trations aof UG.lo ra/ul and 5,023 ngr/ul were used durirg the resrinag,
with the results being similar to those of instrument number (394, as can be
seen 1n Table S. Table 8 and Diagram 4 show the alarm settings and Target vs,

Tourd data, respectively, for the data collected using the 2.7355 ng-qul
standard. Four repeat injections had to be made during the T.le né‘u! trial
due to operator error, and five repeat injections were made during the O, =S
ng/ul tri1al probably due to the bias towards higher concentratisn readiros
that was also present in instrument number 1394,

The results for the HD acceptance testing an bocth irstruments
mimicked those for the GB aczeptance testing as can be seenr in Tables &4, £, 7
and 10, and Diagramns S5 and &. Threre geemns to be some 1ndizatisn onat tne
instrument alarm set point for chemical agent HD may need to be lowered o

ensure the resulte are within the 95% confidence level. This may further be
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determined with additional precision and accuracy studies. Both instrumerts
have successfully demonstrated the ahility to detect chemizal agente G5B and =T
when operated in a laboratory environment.

MIMNICAMS instrument serisl rumber (394 sas challenged wirth

3rsimn quartities of zhnemical agenrt VY os- 3

n
9]

mcentstian 3F O 00 e e

total of 47 data poirts ware zo!llected. 31Y th

iad
iU
i

=2, 35 we:

startistical treatment found i1rn Table 1l and Biagram 7. ard summarizese {n "Tzhis=

o, 0F the -emainirg data poinTts. fwe wer= hlanite fthat rzad T TLA, thrEss g0
2pikes 2t 0.2 TWd whose fourd Concentraticn was O TWA., two wer=z Zi1532z-7a3 -
hecause2 *he orcerataor failed to perform fme in:ection., arnn She ~2rai~rmag 7 =

wera2 not ircluded due to 3 shift irn tre r

Ui}

tention time 237 the
necessitating that the agent gate be 3adjusted. Takle |1l srowe the 3ilsrm
settings calculated for this data using the CERTIFY program ard Diagram

shows the Target vs. Found data for instrument 1324. Trke saa

w

s
a
1
J
B
m
3

ot
L}
W
T

inter,al between the LOQ ard TAL iﬁcicétes a greater rick aof fales goe:ic. 2=
and negatives with tnis methcd when armalvzing for VX a3 no2isd to 3B zar 40
Mot being 3tle to netect the C¢.2 TWA =zhallenge spike is corsistenr w.oth 7=
high value for the LOQ. The found alarm setting for the T4 zonfidence le. =
agrees with the manufacturer's recommendation, but with suzhk a i11mis2d ~urns-
of data points used in this statistical treatment of rhes Jdata, furtbkar
precisliaon ard accuracy studies are recommendec tc ensur?2 the wailoit s 27 <o =
number. The uncertainty in the found concentration in the air sampied witk

this method was de*termined to be +25.1% (See Diagram 7)), which is or the

threshold of being unacceptable from what i1s ~equired by aMC 2B81-.21.

N
—




1S miruts

ng/ul standard alocng with a

challergs

Y% challenges using 0.023
1394 were unsuccessful as
(Table

indicated by

cycling time an MINICAMS unit
range 1. Data nat =how

responses frequently being ocut of acceptance
The same method was used to assecss the perfarmanze »f MINITLME
instrumert serial rnrumber 13995 For chemicail agent JX., A ftotal 2F 4 zakg
50ints were coliscted and statisticelly amalvyzed. The rogults zZarm e Fouoo o
Tatle 12 and Diagram 8 with a brief summarv appearing in Table . Zgzir; -
tmis t-lal, th2 praeblem with variabilit: cf the VX-GB analcg ro2rerhic Tirs
was eancountered, reauiring tha*t the operatar readiust th2 age st aat=. Tizcz.,
the 2.2 TWA challenge level wsas nct det2cted. From Tabla S, the [:ron
concenrntratian initzarval oetween the TAL and .02 1rdiczt=ss 3 low ~izs 27 “z2i-=
negatives ang pcositives with this method. However, the staztishtizsl’
determined LOQ is in question since the 0,2 TWA challsnge leva2l wasz et
~apabl2 of bBeing detectod. The urncertainty in the analvtical ag..Ths ta v om -
tn2 limits set forth by amc Z85-13! ‘See Diagram &°. g faourd gt IaE-RN O ot
1394, chalienges with 9.0283 ng/ul VX ausing a 15 minute Zvoli-g rise warsz 4 zr
unsucresstful on this instrumert. Instrument re2csponse was Tra23uent ~imoaf
acceptance range (Table 1). Data not shown.
B. Field Test Evaluation far Agent GB.
bBofn (= rsme v

of testing

Tabhlie £ sumnmarizes the rasults
Al T e T

The resultant alarm settirgs are

the mobile lab at the test igloo.
Tables 13 and 14 while Diagrams 9 and 10 show the Target vs., Fcund data.
the LO. and TALL for ho=bh

Based on the small concentratiocn interval between

a2




instruments, there is a great risk of 2bh*%ainirg false pcsitiy
with this analytical technicue. Additicnally, because the TH
tne LOQ, tt would be assumed that teeping an iMstrument cners
Rrigh level of perfcrmarnce would be costly regarding maintenan
ndarts, and frequency of calibration anmd auality control chacth
aiarm setting fer the 93% confidence level was belaw the alar
proposed by the instrument manufacturer. For MIMICAMS ingtru

nump2r 1394 with an alarm set at 0.82 TWA, a challenge samcle

—nnacentratian of .00 TWA would cause arm instrument aiarm 2anlw

time Table 13). For instrument numbar 1379, the same challs
in an alarm 92.03% of the time (Table 14). The uncertainty
confidernce) in the found concentration of GB in an air sampie

1394 was determired to be +29.97%., which i3 outzide the limit

385-131 (Diag~am Fi). For instrument 1393, the uncertainmt, wa

be +26.37% (Diagram 10), also outside the criteria set forth

TABLE &

Summary of Results from MINICAMS Field Testinr
Evaluation for Agent B

Calib Sample Fab TaL Lo

Instrument Conc (ppm) Size (TWA) (TWA). (The)
1394 0.06 290 0.&44 0.400 0.279
1395 0.06 256 0.721 0.472 0.349

23

= 3rg ~enati.zs

L 15 so0 close to
ting a2t such 3
ce time, z=par?

. “ha fouund
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m setting
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PO w0l TS0 LT
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For both instruments some of the initial data s=ts were

rejectad because of unsatisfactory instrument calibrations and uncer

instruments were *to be recalibrated. ~dditional data

about when the

collected to replace rejected sets. During the test series. er-ati

T

L
ot
T
W

ot

were excluded from statistical nrocescsing wher he =

points

i

@
.
-
-

tied to an aged precarcentrator tube. Data sets were also excluder

apparznt that the instrument drifted out of calibration. When an in}

N

was meacsured gutside target lim:it it was freguertly rarun as 3 Tlhecr

ul

"

3 =

opera%tor error. IT both measured results were in rzasonabile

AQTrEeme:

were koth in-tluded in the staticstical report; ctherwlise the =2ri:

was recorded but not used in the report.

IV. Discussion.

A. QOperator Comments Instrument 1394,

The dominant problem with this anit was vil kR 42

Preconcentrator (RPC), the frequency of which slowed down testi:g

hegirning »2f the Functiconal Field Test Prcgram. The RPC oarobhlism -

midway during the test program Tor no apparert reason. At the hecinon

the program we also tried to rur 2 single-agent units fzr- scdif:igral

lefs with =i

B
T
T

infarmation. As the single-agent units failed. we were

mul*iagent anits. Pozsibly, 3 cr & units creatzd encuoh Turrsn* drai~s -

uninterruptable power supply (UPS) that the UFS output caused the ra2sh of =27

~—

error messages.

the PCT heater appeared to opera’'e well otherwise,

More probable,

the

instrument itself was

the Manufacturer

[}

the problem.

can

Since




probably correct this relay error message easily in some predetermined timirg

circuit.

No recorder sigral cculd te sent from the MINICAMS gnit +t2 i5=
recaorder. This shcould be correctatie by the manufacturer »2r a -emnair
~2echrnician.

Flame igritiorn oraotlems mavy o2 caused hy e zez: < rdensaticn -

the heater block or a poorly flushed hydrogen line and 1s not deemed s2rictus

enmiinh o reflect apen instrume-*t oerformance.

The instrument was eas,y ¢ 2perate and aprearsd £1 r~2332i1m N
to ag=2nt 5B. The MIM/CAMS unit did rmnot agpear tc be a pranlz=m ase a r=gi:th o7

varn mobility or. with less certainty, a mcbile gower scurne.
There is some problem with instrument calibration. The
multi—-agent software requiring CAL to blink before GB passes thraough the agen*

gate is not nearlv as user friendly a% the clder software allawing th=

3
i
[
“r
-
o
vt
r
2
(9
m

‘operatar to calibrate anvtime during s cvclé. Irstrument <=e
can change during the day although generalily the insftrumen®t apsearz sisnle
over days. The instrument may chance sensitivity betweer merning calin-st:z-
and later field use, but it iz felt this is a general instrument congiticn
rather than a oroblem with statilization due to time of "warm un'. This
evaluator is not comfortable with sirgle-gnirt calibraticn ard wcoculec recomrmer-n
more Tlexibility 1rm Zalibration and r-2cz:ilbrastion, Surtnermers, Taerd@ MAa, L=
a balance of benefits between leaving the instruments cn 24 hours/dav and
shutting them off at night. 0On the aone hand. we have thermal and electrical

stabilitys; on the other, the c' . lumn and PCT heaters are cyclical and would

a5
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appear to be subject to greater failure the more thev are used.

An interferent peak sometimes elutes immediately after CB anrc

~ -
ChHanc

will be detected if the agent gate window :s not sufficiently rarrow. . of

(')
"0

in nitrngen nressure can cause the peal of interest tc shift ocutside tne
window.

) - -
TyvCage T3 e

il

There appears to ke carrvowver of agent Trom on

next whenrn the PCT hag been used heyond its useful life, Thi problem can b=
nvarccme by adopting a routire chanqging interval after the RFCT's usefnl 1172
car he estatlished within tighter bounds than one dav to aorne aeel. 12

problem might also be zorrected with packflow on the FPLCT at hioh Ss=aser st -

tc desorb interferences and carrvyover.

B. Cperataor Comments Instrument 1395.

There were onrly two recordings of error codes Zduris~z tr2 T2.-z3

of fielz *tecets, but for apout 30 davs this unit was rot operable. Sostovacie,

ot

step-by-step attempts to determine and correct the prcoblems ~ere unprordus

[W]

although with the assistanc= of service representatives cof TS FResea-~-
this evaluator was able to rarrow the causes down to computer chips that
needed to be replaced and a chino on the interface ‘I1/3! board that was nn-
working.

Senairs of this unit by CMS did in fact involve reclaceme:- s -7
the EPRCM and BIOS computer chips, and the Ul3 PIA chip on the I/0 bonard. Tha
NVRAM computer chip was then downloaded with the proper software pacltage.
Whatsmore, several ot'er repairs were done to upgrade and stabilize intar-al

parts.
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Since installing the repaired unrit, there wére ne errcr

messages ar instrument malfunctions in over &5 hours of operatinmg time.
. The instrument is easv to operate and did no2t acocear td he

adversely aftfected by truck mobility or use of a mobile prwer scurce.

Instrument 1395 was noct necessarily calibrated @3ilv hecauss
the test plan gquidelines said only to calibrate when necessar.. fczordingl
on some days the instrument was found to be somewhat out rf cslib-3+rime. IR
when it was clear that unit 1395 was miscalibrated, o2r taed d-ifFtad ~uys ot
calibration by a sigrificant degree. was it recalinbrated.

Because of an intarferent pa2ak that elutss irmediatz: 37 S-a

the GB peak, the agent gate window has to be set veryv "tightl. " ar~unmd the

i)

(9]

peak which leaves little room for shift in retention time whenew s there z a

change in nitrogen pressure. A lornger chrcmatograph

d
J
[0}
5
)
I 3
n
i

c column wmouls

o

fFle:

—
r

~

J
t
s
)

1

]
N
-
1}
T

3ive better resolution petWEEn these peaks, sielding
type of analvysis.

Confident determination cof which injection %c acrent ¥fo-
calibration is illusive because of the "single-point" calibratinr terbrique.
For example, it would be beneficial for the user to be able to i put the
results from three successive injections and enter the average z= the
calibration value. Also, th2 multiagent software reguiring CAL o bli-t
before the agent peak passes through the gate is not nearly as user friergl:

S—

as the single-—-agent software allowing the operator to calibrate anytime during

a cycle,




V. Conclusions.

Both instruments have successfully demonstrated +he abili=-v &2
detect GB and HD when operated in the laboratory. The small ceorcertratioes
interval between the LLOQ and TAL for YY on instrument (294 ii~4:c-at=e a3 ~ 30
risk of false negatives when sampling at 1| TWA. Fer the fisld tesuing wi1+-
GB, both instruments had a small interval between L0OQ and TAL. A adoitioe.

the uncertainty in found concenrtrations was greater than + 2% for oawk

instruments. Field testing for HD and VX 135 still needed before theze aza-t
ar= routinely monitered. Detectionrn of HD ir the lan setfting iocnbz o-2nis:y -2
and we expect success in the field. The reliability of Y dets-= o =~ 5
routine btasis is still in question. It is clear that the ope-atsre ~f tmnss
instruments will need thorough mainternance training. Due to a lac! f
ruggedness in design, if this method is to te incorporated irta ai~ moam:boe o~

cf zbemical warfare agents, ar abundance of spare pacts wili te rergirired,
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Vl. Recommendations.

The MINICAMS as currentiyv configured may meet surveillance
~equirements far HD. We r=commend thev be field tested focr this agent.
*he 1ng4r jment 411 not pertorm well ir the labgrator. «tih VY and corsids

3 recent articie in Analvtical Chemistry., 01, 53, pps. 437-459, 691

Y

kKetlar et.al. which indicates VX canraot be quantitativelv transportacr Shre

ary tubing, «e recoymmerd no*t trvirg tc monitor VY owith tmz MINIIAMT roo:

o

iannratecr .

ipnn examination of tha GB field test azt=z, 1%

i

ane23c3 T

i

ZFrangina tr2 zclunmn packing 1o the pr=2concentrato

3

tube and-or chanagieg 7w
liqu:id phase on the capillarv caolumn might enhance the cerfairrmance f ‘the

MINICAMS., Also, allawing for greater ogperator control aver ey

chromatoqgraphic parameters, such as column temperatura, Pold times, aad =

~ates would give =2ach MINMICAMS unit *he flexibilit, to be acptimized o S

particular air emnironment being sampiad, allowing interfere2rcs neaks *“0
mare reac’l, separated fraoam the agert opeak. A backflush arc-anrgemenrn - =

zarryover on the pgrezconcentratcr tubes is also recommended. If thece

for success in manitorirg G8B in storage iqleoos using a MINTCAMS wobila

iacorato-, .

il

W

modifications are made we suggest the data in this recort irdicate a o2rent]

3




Alarm settings for GB on instrument 1394 Acceptance Testing using the 0.055 ppm Calibration Std.

INSTRUMENT
SETTING

0.9899 1.0000 1
1.0000 0.9930 O
0.9997 1.0000 1.
0.9993 1.0000 0.9991
1
0

INSTRUMENT
SETTING

0.0000
0.0000

Table 7

PROBABILITY OF ALARM

0.4000

CONCENTRATION (2)

0.6000

0.9992
0.9996
0.8327
0.0283
0.0000
0.0000

0.8000

0.9991
0.9987
0.9994
0.8921
0.1068
0.0005

1.0000 1.2000 1.4000

0.9234 0.9991
0.2357 0.9414

ALARM SETTING FOR 95% CONFIDENCE LEVEL

ALARM SETTING FOR 97.85% CONFIDENCE LEVEL

ALARM SETTING

FOR 99% CONFIDENCE LEVEL

PROBABILITY OF FALSE ALARM

AT

CONCENTRATION (2Z)

0.1000

0.3000 0.5000 0.7000 0.9000

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

(e NeNoNeNeNe]
o
[«
[
(3]

0.7960
0.944S5
0.9891
0.9983
0.9997
1.0000
1.0000
1.0000

0.0113
0.0074
.0000
.0000
.0000
.0015
.0005
. 0000
0.0000
0.00085
0.0021
0.0099
0.0404
0.1326
0.3277
0.5936
0.8191
0.9402
0.9845%5

COO0O0OO0O0

PROBABILITY OF FALSE ALARM

AT ALARM SETTING OF 0.9487 AND

= 0.9783

= 0.94587

= 0.9089

1.1000

0.0000 0.0000
0.0012 0.0000
0.0105 0.0000
0.0100 0.0012
0.0029 0.0098
0.0000 0.0110
0.0000 0.0060
0.0000 0.0000
0.0014 0.0000
0.0009 0.0000
0.0000 0.0000
0.0000 0.0014
0.0002 0.0011
0.0006 0.0000
0.0024 0.0000
0.0090 0.0000
0.0305 0.0003
0.0900 0.0008
0.2181 0.0027
TC OF 0.8 Z = 0.000

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.9457 IS LESS THAN
5 PERCENT (%) = 0.730
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Alarm settings for GB

INSTRUMENT

SETTING

NOOO#'N

. em e ve se ee

INSTRUMENT
SETTING

Table 8 . )
on instrument 1395 Acceptance Testing using the 0.055 ppm Calibration Std.

PROBABILITY OF ALARM

CONCENTRATION (2)

0 0.9993 0.9990 0.9967 1.0000 1.0000 1.0000
0 0.9417 1.0000 1.0000 0.9820 0.9954 1.0000
0. 0.0053 0.9548 1.0000 0.9991 1.0000 0.9899
0.0000 0.0000 0.0420 0.9608 0.9998 0.9988 1.0000
o 0.0000 0.0000 0.1359 0.9641 0.9997 0.9998
0 0.0000 0.0000 ©0.0003 0.28650 0.9660 0.9995

ALARM SETTING FOR 95% CONFIDENCE LEVEL = 1.0138
ALARM SETTING FOR 97.5% CONFIDENCE LEVEL = 0.9853
ALARM SETTING FOR 99% CONFIDENCE LEVEL = 0.9506

PROBABILITY OF FALSE ALARM
AT
CONCENTRATION (2)

0.1000 0.3000 0.5000 0.7000 0.9000 1.1000
0.0065 0.0000 0.0054 0.0000 0.0000 0.0000

0.13857 0.001S 0.0099 0.0000 0.0000 0.0000
0.67%4 0.0000 0.0000 0.0034 0.0000 0.0000

0.9734 0.0004 0.0000 0.0114 0.0000 0.0000
0.9992 0.0058 0.0014 0.0036 0.0034 0.0000
1.0000 0.0713 0.0000 0.0000 0.0114 0.0000
1.0000 0.3939 0.0000 0.0000 0.0070 0.0041
1.0000 0.8309 0.0007 0.0014 0.0000 0.0112
1.0000 0.981%5 0.0066 0.0003 0.0000 0.0088
1.0000 0.9988 0.0503 0.0000 0.0000 0.0013
1.0000 0.9999 0.2390 0.0003 0.00183 0.0000
1.0000 1.0000 0.6087 0.0012 0.0005 0.0000
1.0000 1.0000 0.8911 0.0079 0.0000 0.0000
1.0000 1.0000 0.9828 0.0417 0.0000 0.0015
1.0000 1.0000 0.9981 0.1632 0.0003 0.0006
1.0000 1.0000 0.9998 0.4257 0.0020 0.0000

1.0000 1.0000 1.0000 0.7311 0.0092 0.0000
1.0000 1.0000 1.0000 0.9178 0.0373 0.0003
1.0000 1.0000 1.0000 0.9824 0.1232 0.0008

PROBABILITY OF FALSE ALARM
AT ALARM SETTING OF 0.98%53 AND TC OF 0.5 Z = 0.000

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.9883 IS LESS THAN
S PERCENT (%) = 0.785
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Table 9
on instrument 1394 Acceptance Testing using the 1.62 ppm Calibration Std.

PROBABILITY OF ALARM

Alarm settings for HD

CONCENTRATION (2)

INSTRUMENT
SETTING 0.2000 0.4000 0.6000 0.8000 1.0000 1.2000 1.4000
0.2 0.2872 0.9609 0.9997 1.0000 0.9991 1.0000 1.0000
0.4: 0.0020 0.3203 0.9513 0.9994 1.0000 0.9994 1.0000
0.6! 0.0000 0.0045 0.3514 0.9403 0.9988 1.0000 1.0000
0.8: 0.0000 0.0000 0.0090 0.3794 0.9283 0.9977 0.9999
1.0 0.0000 0.0000 0.0000 0.0165 0.4040 0.9160 0.99680
1.2 0.0000 0.0000 0.0000 0.0001 0.0272 0.4253 0.9038

ALARM SETTING FOR 95% CONFIDENCE LEVEL = 0.7780
ALARM SETTING FOR 97.5% CONFIDENCE LEVEL = 0.7391
ALARM SETTING FOR 99% CONFIDENCE LEVEL = 0.6928

PROBABILITY OF FALSE ALARM
AT
CONCENTRATION (2)
INSTRUMENT
SETTING 0.1000 0.3000 0.5000 0.7000 0.9000 1.1000

0.08! 0.4891 0.0092 0.0000 0.0005 0.0000 0.0000
0.10: 0.7295 0.0350 0.0002 0.0000 0.0005 0.0000
0.18: 0.8926 0.1062 0.0008 0.0000 0.0009 0.0000
0.20! 0.9680 0.2526 0.0035 0.0000 0.0004 0.0000
0.25: 0.9926 0.4693 0.0134 0.0001 0.0000 0.0007
0.30! 0.9986 0.6961 0.0436 0.0004 0.0000 0.0008
0.38! 0.9998 0.8637 0.1171 0.0016 0.0000 0.0004
0.40: 1.0000 0.9522 0.2554 0.0059 0.0001 0.0000
0.45; 1.0000 0.9867 0.4531 0.0192 0.0003 0.0000
0.50! 1.0000 0.9970 0.6638 0.0541 0.0009 0.0000
0.55; 1.0000 0.9994 0.8313 0.1292 0.0030 0.0001
0.60: 1.0000 0.9999 0.9313 0.2600 0.0094 0.0002
0.085:; 1.0000 1.0000 0.9770 0.4400 0.0265 0.0008
0.70:! 1.0000 1.0000 0.9936 0.8342 0.0656 0.0017
0.75! 1.0000 1.0000 0.9985 0.7978 0.1419 0.0051
0.80: 1.0000 1.0000 0.9997 0.9061 0.2053 O 0140
0.85:! 1.0000 1.0000 0.9999 0.9632 0.4297 v 0349
0.90! 1.0000 1.0000 1.0000 0.9877 0.6079 v.0778
0.95! 1.0000 1.0000 1.0000 0.9964 0.7651 0.1543

PROBABILITY OF FALSE ALARM
AT ALARM SETTING OF ©0.7391 AND TC OF 0.5 2 = 0.002

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.7391 IS LESS THAN
5 PERCENT (%) = 0.613
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Alarm settings for HD

INSTRUMENT

SETTING 0.

NODO»N

INSTRUMENT
SETTING

on instrument 1395 Acceptance Testing using the 1.62 ppm Calibration

Table 10

PROBABILITY OF ALARM

0.4000

0.0011
0.0000
0.0000
0.0000

CONCENTRATION (2)

1.0000
0.9982
0.7127
0.0280
0.0000
0.0000

0.9998
0.9999
0.9883
0.6680
0.0873
0.0013

1

.0000

ALARM SETTING FOR 95% CONFIDENCE LEVEL

ALARM
ALARM

SETTING
SETTING

FOR 97.5% CONFIDENCE LEVEL

FOR 99% CONFIDENCE LEVEL

PROBABILITY OF FALSE ALARM

AT

CONCENTRATION (2)

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

0.0000
0.0005
0.0000
0.0001
0.0062
0.1273
0.619%
0.9577
0.9988
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

0.0006
0.0000
0.0000
0.0003
0.0021
0.0182
0.07860
0.2518
0.5438
0.8122
0.9498
0.9910
0.99088
0.9099
1.0000
1.0000
1.0000

0.0044
0.1566
0.3129
0.5182
0.7134
0.8600
0.9443
0.9818

PROBABILITY OF FALSE ALARM
AT ALARM SETTING OF 0.7664 AND TC OF 0.5 2 = 0.001

0.1000 0.3000 0.85000 0.7000 0.8000

0.0000
0.0008
0.0008
0.0003
0.0000
0.0000
0.0000
0.0001
0.0002
0.0008
0.0014
0.0040
0.0108
0.0267
0.0595
0.1197
0.2158
0.34€7
0.5006

1.2000

0.999%
1.0000
0.9997
0.9941
0.9266

0.6243

1.1000

0.0004
0.0008
0.0008
0.0004
0.0001
0.0000
0.0000
0.0000
0.0000
0.0001
0.0002
0.0008
0.0013
0.0031
0.0069
0.0148

- 0.0300

0.0569
0.1010

1.4000

1.0000
0.9999
0.9988
0.9850
0.8941

0.8140
0.7664
0.7097

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE

ALARM WITH ALARM SETTING OF 0.76684 IS LESS THAN

S PERCENT (%) = 0.3591
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Table 11
Alarm settings for VX on instrument 1394

PROBABILITY OF ALARM

CONCENTRATION (2)

INSTRUMENT :
SETTING 0.2000 0.4000 0.6000 0.8000 1.0000 1.2000 1.4000
0.2: 0.8347 0.9945 0.9999 1.0000 0.9990 1.0000 1.0000
0.4: 0.1499 0.7640 0.9875 0.9997 1.0000 0.9995 0.9994
0.6: 0.0019 0.1132 0.6834 0.9741 0.9990 1.0000 1.0000
0.8: 0.0000 0.0015 0.0881 0.6004 0.9515 0.9973 0.9998
1.0: 0.0000 0.0000 0.0013 0.0712 0.5218 0.9184 0.9936
1.2¢ 0.0000 0.0000 0.0000 0.0013 0.0598 0.4515 0.8753
ALARM SETTING FOR 95% CONFIDENCE LEVEL = 0.8020
ALARM SETTING FOR 97.5% CONFIDENCE LEVEL = 0.7607
ALARM SETTING FOR 99% CONFIDENCE LEVEL = 0.7113
PROBABILITY OF FALSE ALARM
AT
CONCENTRATION (2)
INSTRUMENT

SETTING 0.1000 0.3000 0.5000 0.7000 0.9000 1.1000

.8262 0.1990
.9247 0.3622
L9726 0.5572
0.73886
.9977 0.8702
.9994 0.9457
.9999 0.98086
.0000 0.9940
.0000 0.9983
.0000 0.9996
.0000 0.9999
.0000 1.0000
.0000 1.0000
.0000 1.0000

.9851 0.7033 0.1610 0.0120
.9982 0.8357 0.2833 0.0289
.99868 0.92:'7 0.4398 0.0637
.9996 0.9689 0.6069 0.12658

(= N-RoNeoNoleNoNeNeNoReNollelNeNeNeNeNe W)
[ B
owm
= =t 2 000000000000
©
©
()
<
[+ R NeNoNoNeloNoNoNeNeNeNoNoNeNeNeNe)
" 3
¢}
—
o

PROBABILITY OF FALSE ALARM
AT ALARM SETTING OF 0.7607 AND TC OF 0.8 Z = 0.034

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.7607 IS LESS THAN
5 PERCENT (%) = 0.8522
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INSTRUMENT
SETTING

Table 12

Alarm settings for VX on instrument 1395

PROBABILITY OF ALARM

CONCENTRATION (2)

INSTRUMENT
SETTING

ALARM SETTING FOR 95% CONFIDENCE LEVEL
ALARM SETTING FOR 97.5% CONFIDENCE LEVEL
ALARM SETTING FOR 99% CONFIDENCE LEVEL

PROBABILITY OF FALSE ALARM

AT
CONCENTRATION (2)

0.1000 0.3000 0.5000 0.7000 0.9000 1

- S WP A D Ay D S D ED D P D R D D A WD AR D D SR WP R WD D G SR S WD YD S D G P G R Gl A R WA Gk G N WD WS TR B R bGP WD oh W W e a w

.00068 0.0000 0.0087
.1841 0.0005 0.0000
.9512 0.0001 0.0000
.9999 0.0170 0.0001
.0000 0.4120 0.0001
. 0.0040
.0000 0.9997 0.0995
.0000 1.0000 0.5717
.0000 1.0000 0.9486
.0000 1.0000 0.9985
.0000 1.0000 1.0000
.0000 1.0000 1.0000
.0000 1.0000 1.0000
.0000 1.0000 1.0000

bt Pt et et b pt st p e = O OO OO
Q
(]
(]
(]
(=]
©
[¢ ]
(¢ ]
o

0.0000
0.0001
0.0018
0.0310
0.2286
0.6611
0.93909
0.9956
0.9998

PROBABILITY OF FALSE ALARM

AT ALARM SETTING OF 0.8737 AND

0.0069
0.0440
0.0406
0.0080
0.0000
0.0000
0.0016
0.0086
0.0007
0.0000
0.0003
0.0008
0.0000
0.0001
0.0012
0.0134
0.0034
0.3500
0.7130

TC OF 0.

.1000

0.0268
0.0472
0.0380
0.0099
0.0000
. 0000
.0000
.0080
.0079
. 0007
.0000
.0000
0.0009
0.0001
0.0000
0.0001
0.0009
0.0074
0.0443

OO0O0O0O0O0O0

82 = 0.000

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.8737 IS LESS THAN

8 PERCENT (%) = 0.725
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Table 13 _
Alarm settings for GB on instrument 13% for Field testing

PROBABILITY OF ALARM

CONCENTRATION (2)

INSTRUMENT
SETTING 0.2000 0.4000 0.6000 0.8000 1.0000 1.2000 1.4000

- - D P WP WP WD P WD WS D TS WD P WD Gh WD Wh GD WD D D D YD R W D R D CE e VR ED U WD I D G WP A WP M A ST D T D 4 SR D M D WL WS GD Y WE SR A W e W e

0.2 0.7658 0.9910 0.9995 0.96899 1.0000 1.0000 1.0000
0.4! 0.0259 0.8625 0.9623 0.9960 0.9994 0.9999 1.0000
0.6: 0.0000 0.0623 0.5957 0.9183 0.9859 0.9973 0.9994
0.8! 0.0000 0.0003 0.0973 0.5508 0.8695 0.9683 0.9922
1.0 0.0000 0.0000 0.0024 0.1270 0.51868 0.8222 0.9447
1.2 0.0000 0.0000 0.0000 0.0082 0.1513 0.4949 0.7793
ALARM SETTING FOR 95% CONFIDENCE LEVEL = 0.7029
ALARM SETTING FOR 97.5% CONFIDENCE LEVEL = 0.6439
ALARM SETTING FOR 99% CONFIDENCE LEVEL = 0.5751
PROBABILITY OF FALSE ALARM
AT
CONCENTRATION (2)
INSTRUMENT
SETTING 0.1000 0.3000 0.5000 0.7000 0.9000 1.1000
0.05! 0.0368 0.0004 0.0000 0.0000 0.0000 0.0000
0.10: 0.1642 0.0026 0.0001 0.0000 0.0000 0.0000
0.18: 0.4358 0.0127 0.0005 0.0000 0.0000 0.0000
0.20! 0.7436 0.0468 0.0019 0.0002 0.0000 0.0000
0.25: 0.9290 0.1328 0.0069 0.0005 0.0001 0.0000
0.30! 0.9886 0.2916 0.0208 0.0016 0.0002 0.0000
0.35¢ 0.9990 0.5067 0.0537 0.0047 0.0006 0.0001
0.40: 0.9999 0.7199 0.1187 0.0120 0.0015 0.0002
0.45; 1.0000 0.8743 0.2263 0.0279 0.0036 0.0006
0.50! 1.0000 0.9563 0.3744 0.0585 0.0081 0.0013
0.55! 1.0000 0.9884 0.5442 0.1109 0.0172 0.0029
0.60: ©1.0000 0.9976 0.7062 0.1909 0.0338 0.0061
0.65: 1.0000 0.9996 0.8347 0.2991 0.0820 0.0119
0.70: 1.0000 1.0000 0.9196 0.4289 0.1060 0.0220
0.78! 1.0000 1.0000 0.9664 0.85671 0.1692 0.0387
0.80: 1.0000 1.0000 0.9880 0.6974 0.2526 0.00647
0.85! 1.0000 1.0000 0.9963 0.8063 0.3538 0.1026
0.90: 1.00C0 1.0000 0.9990 0.8871 0.4667 0.1546
0.985! 1.00.0 1.0000 0.9998 0.9403 0.3824 0.2216

PROBABILITY OF FALSE ALARM
AT ALARM SETTING OF 0.6439 AND TC OF 0.8 Z = 0.179

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.6439 IS LESS THAN
S PERCENT (%) = 0.427
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Table 14
Alarm settings for GB on instrument 1395 for Field Testing

PROBABILITY OF ALARM

CONCENTRATION (2)

INSTRUMENT
SETTING 0.2000 0.4000 0.6000 0.8000 1.0000 1.2000 1.4000
0.2: 0.8274 0.9962 0.9999 1.0000 1.0000 1.0000 1.0000
0.4: 0.0662 0.7265 0.9839 0.9995 1.0000 1.0000 1.0000
0.8 0.0000 0.0696 0.6359 0.9583 0.9974 0.9999 1.0000
0.8: 0.0000 0.0002 0.0732 0.5608 0.9203 0.9918 0.9993
1.0¢ 0.0000 0.0000 0.000686 0.0767 0.5002 0.8740 0.9810
1.2: 0.0000 0.0000 0.0000 0.0014 0.0798 0.4516 0.8239
ALARM SETTING FOR 95% CONFIDENCE LEVEL = 0.7660
ALARM SETTING FOR 97.5% CONFIDENCE LEVEL = 0.7208
ALARM SETTING FOR 99% CONFIDENCE LEVEL = 0.6682
PROBABILITY OF FALSE ALARM
AT
CONCENTRATION (2Z)
INSTRUMENT '

SETTING 0.1000 0.3000 0.5000 0.7000 0.9000 1.1000

0.05! 0.0340 0.0002 0.0000 0.0000 0.0000 0.0000
0.100 0.1232 0.0014 0.0000 0.0000 0.0000 0.0000
0.18: 0.3117 0.0074 0.0001 ©0.0000 0.0000 0.0000
0.20! 0.8709 0.0299 ©0.0004 0.0000 0.0000 0.0000
0.28:! 0.8017 0.0931 0.0021 0.0000 0.0000 0.0000
0.30: 0.9351 0.2236 0.0085% 0.0002 0.0000 0.0000
0.38: 0.9883 0.4221 0.0281 0.0008 0.0000 0.0000
0.40! 0.9977 0.6433 0.0763 0.0029 0.0001 0.0000
0.45: 0.9998 0.8240 0.1714 0.0096 0.0004 0.0000
0.50! 1.0000 0.9322 0.32068 0.0272 0.0012 0.0001
0.55! 1.0000 0.9799 0.5070 0.0861 0.0039 0.0002
0.60: 1.0000 0.9954 0.6918 0.1387 0.0108 0.Q0008
0.65: 1.0000 0.9992 0.8374 0.2529 0.0268 0.0018
0.70! 1.0000 0.9999 0.9286 0.4036 0.0593 0.0048
0.78: 1.0000 1.0000 0.9741 0.5705 0.1171 0.0118
0.80: 1.00¢0 1.0000 0.9923 0.7254 0.2068 0.0267
0.85! 1 7600 1.0000 0.9981 0.8461 0.3281 0.0546
0.90! 1.0000 1.0000 0.9996 0.9250 0.4712 0.1021
0.95! 1.0000 1.0000 0.9999 0.9684 0.6181 0.1744

PROBABILITY OF FALSE ALARM
AT ALARM SETTING OF 0.7208 AND TC OF 0.5 2 = 0.048

TARGET CONCENTRATION AT WHICH PROBABILITY OF FALSE
ALARM WITH ALARM SETTING OF 0.7208 IS LESS THAN

5 PERCENT (%) = 0.502
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Appendix 1

DETAILED TEST PLAN
FOR THE
TUNCTIONAL FIELD TEST
or THR

MINI - CHEMICAL AGENT MONITOR FIRST ENTRY MONITORING SYSTEM

JANUARY 1990

TEST & EVALUATION Orrics
AESIANCE, BAVELOPMENT & ENCQINEZRING SUPFORT SIRECTORNTE
CHEMICAL RESEARCH OEVELOPKENT AND ENGINETRING CENTER
ABERDEEN FROVING GROUND, MD 21010-85423
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1.1 BACKGROUND. TFirst entry monitoring of chemical storage dspots curzrsantly
consists of incorporating & combination of bubblers, blue band detector tubes,
and N8 automatic chemical detectors. Thase methcds ars time consuming,
expensive and labor intensive. A potential solution to upgrade curreat first
entry monitoring provedurss is to use off the shelf laboratory chemical
datection equipment. A system consisting of a ¥ini - Chamical Agent Monitor
(MINICAM) mounted in & "laboratory" type vehicle with a heatsad tubs that could
be "plugged® inte a chemiocal munition storage igloa is being considersd as a
replacenent for surrent first entry monitoring procsdurzes. Ths primary concern
with this approach is that the MINICAM is designed to be used in & controlled
laberatozry environment and tharfore may not function properly when subjected to
vibrations encountered while cperating in a moving vehicle, This tsst program
is being conductad to determine the ability of tha proposed systsm to conduct.

£izrst entzry monitoring.

1.2 SYSTEX DESCRIPTION. The system tO be teatad will consist of a MINICAM
shoock mounted in & "laboratory” type vehicle with & 75 foot heatsd tube
connected tO & vaccum pump to obtain a potential vaper agent sample from the

storage “1“0

1.3 TEST OBJECTIVE. Toc datermine Lif the MINICAM can be incorporatad for first
entry monitoring of chemical storage iglocs.

1.4 TEST SCOPE. Testing of two MINICAMS will be conducted as follows:

a&. Acceptance Test. The accsptance tast will consist of subjecting
detsctors to specfic concentrations of agent.

b. PFisld Functioning Test. A total of 64 trials will be conducted
. during the fisld functioning test, wherye each trial will consist of driving 30
minutes (MINICAM tuzrned an for entire trial) and then stopping at a chemical

storage igloo to sample.
1.8 TEST EQUIPKENT AND MATERIALS.
8. Two MINICAMS.
b. One "laboratory" type vehicla.
¢, Two 75 foot heated tubes.
d. 6B, GD, HD and VX agents as required.
e, Supply gas nacassary to maintain operation of the MININCAN.

1.6 XE°PONSIBILITIES.

e« Test Enginesring Branch, Tast and Evaluation Office, CRDEC, will
prepare test plan and test report.

b. Detection Directorata, CROEC, will ba responsible for providing NINCAN

first entry monitoring system, for configuring power wodule and for installing
system into van (vehicle supplied by Pine Bluif Aresenal).
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¢. Research, Development & Engineering Support Directorats, CRDEC will be
responsible for overall test coordinatiom.

d. Pine Bluff Arssnal will bs responsible for test econduct and data
reduction of agent sampling tests.

1.7 SAFETY. Agent testing will be conducted according to the Standard
Opezzating Prosedure located in Appendix A. Testing will be conducted in

accordance with safety directives and practices applicable to this test.
Throughout tasting, ar safety or health hazards encountered will be

documantad.
SECTION 2. DETAILED TEST PROCEDURES

3.1 ACCEPTANCE TEST

2.1.1 Objective

To validate the abllity of the MINICAM to detect & range-af time

weightad average (TWA) concentration levels of GB, GD, MD and(VX.) The TWA i»
tha sum or the products of the toxicant concentration and expestre duration

divided by the total exposure time.

3.1.2 Criteria

ror the MINICANS to perform satisfactorily, 95% of the 1.0 ul TWA
equivalent valuss (19 ocut of 20) must be in the zange of 0.75 to 1.28 TWA. 1In
addition 75V of the remaining values must b within + or = 25% of their
theoretical values, except for the 0.2 TWA equivalent values whers the results

are desired bhut et required.

2.1.3 Raquired Data
Data will ba recorded as shown on data shest in Appendix B.

3.1.4 Data Acquistion Procedurs

Tasting will be conducted according ¢o the standazd operating procedurs
located in Appendix A and will ba conducted in a laboratory with approved

laboratory personnel. Two MINICAM‘’S will be tested with GB, GD, HD and VX

agents. 7Two separate series of injections will be performad with sach seriss
eonducted as follows:

8. One blank (solvent) injection.

b. ©Ona 0.2 WA TWA equivalent injection.

6. Pive 0.5 @& THMA equivalent injections.
d. Tsn 1.0 ® TWA equivalent injectiocas.
o, Five 3.0 @ TWA equivalent injecticns.
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2.1.3 hnllytiﬂll Procedurs

After acceptance challenges have been performed, data collected will be
analysed. If the MINCAM’S performed at an acceptabls level then the fieid
functional test can start. If the detectors do not perform at acceptable
levels, the test will be put on hold until the necessary modifications and/or
agjustments to the detectors have baen made and retested until acceptancs has

been agresed upon.
2.2 TIELD FUNCTIONAL 7T2Za?T

2.2.1 Objsctive,

To dstermine the ability of the MINICAM to perfozm first sntry
monitoring of a chemical munition storage igloc when mountsd in a vehicla.

2.2.2 Criteria

The XINICAM first entry monitoring system shall provide a gain
of sccuracy over currsnt procsdues.

2,2.3 Required Data
Data will be racorded as shown an data shests in Appendix B.

2.2.4 Data Acguisition Precedurs

a. 3In preparation for the fisld test, a vehicle will be configured to
provide the nacessary power, support gases and data recording equipment needed
€O support two MINICAM’S. All equipment will be checked for proper opsration

prior to tast start.

b. Bach day, prior to tsst start, the MINICAM‘'s will be calibratad
(enly if necessary) according to the MINICAMS Operation and Maintenancs Manual.

e. All agent testing will be conductaed according tc the 80P in
Appendix A. ZInjactions of agents shall be within +/- 35% of the TWA.

d. Testing will be conducted as follows:
(1) Turn on NINICAM’S.

G8
(2) Calibrate (g{zlt trial of day only) with WM.

(3) DOrive 30 minutes on paved ana(noaongggx :ocdl.l

(4) stop outaide chemical munition storage igleo (empty).

(3) Connect 78 foot haated tubs from each XINICAM through & vent
hole in the igloa.

(6) Once inside the igloo, .:? °ﬂP‘1 w use a syriage
0 inymsct VX TWA concentrations of o.sﬁ. 1?:& and te each heatad

1
tube. Agent testing will de conducted according to :h"ior in Appendix A.
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(7) If the MINICAN produces no raading following injections into the
tube, the MINICAM will bde directly injected with VX concentrations of 0.5 ulL,
1.0 uL and 2.0 ul TWA to determine if MINICAK is fuacticaing properly.

(8) oOnce a trial is completed, the tube will be removed from the
igloo and and -t-pl:E;th:ouqn 6 repeated until 64 trials are completed.

8. Preventive maintenance descrinhed in the MINICANS Opsration and
Maintenance Manual will be performed as requirsd.

f. Unscheduled maintenance performed will be docunanted as detalled in
the Appendix B data shest.

3.2.5 Analytical Procedure

Data will be compared to existing data of current fisrt entry systems to
daternine if new MINICAN system is an improvement.

Prapared by:
JOHN JAGDE DENNIS BOLT
Test & Eval Ofc Detection Directorate
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